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Sequence conservation between huGC1A and noGLC1A 

1. huGLC1A MRFFCARCCS FGPEMPAVQI. ILLIACLVWDW GARTAQLRKA NDQSGRCQYT 
. . . . . . . . . . 

noGC1A MPALEL, LFIACLVWGM GARTAQFRKA NDRSGRCQYT 

C 
51 huCC1A FSVASPNESS CPEQSQAMSW IENLQRDSST QRIDLEATKA RLSSLESLLE 

. . . . . . . . . . . . . 

moGC1A FTWASPNESS CPREDQAMSA IQDLQRDSSI QEADLESTKA RVRSESLLE 

101 hugG1A QLTLDQAARP QETQEGLQRE IGTRRERDQ LETGTREET AYSNLIRDKS 
. . . . . . . . . . . . . . . . . . . . . . . 

InoGC1A QMTIGRYTGT QEAQEGLQGQ LGALRRERDQ LETOTRDLEA AYNNLLRDKS 

151 huCC1A VIEEEKKRTR OENENIARRI, ESSSQEVAR, RRGCCPOTRD TARAVPPGSR 
. . . . . . . . . . . . . . . . . . . . . . . re 

noGC1A ALEEEKRQLE QENEDLARRI, ESSSEEVTR, RRGCCPSTQY PSQDMLPGSR 

201 huGC1A EVSTWNLDTL, AFQELKSELT EVPASRILK SPSGYLRSGE GDTGCGELVW 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

noGC1A EVSQWNLDT, AFQELKSET EVPASQILKe NPSGRPRSK GDRGCGALVW 

R K 
251 huGC1A VGEPLTLRTA ETITGKYGVW MRDPKPTYPY TOETTWRIDT VGTDVROVE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

moGC1A VGEPVTLRTA ETIAGKYGVW MRDPKPTHPY TQESTWRIDT VGTEIRQVFE 

301 huGC1A YDLISQFMQG YPSKVEILPR PLESTGAVVY SGSLYFQGAE SRTVIRYELN 
. . . . . . . . . . 

mOGC1A YSOISQFEQG YPSKVHVLPR ALESTGAVVY AGSLYFQGAE SRTVVRYELD 
S W 1. G 2 

351 hug CA TETVKAEKEI PGAGYHGQFP YSWGGYTDID LAVDEAGLWV IYSTDEAKGA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 

moGC1A WKAKE PGAGEGEP AGGY DID AWDSGW IYSEAKGA 

W 
401 huCC1A IVLSKINPEN LELEQTWETN IRKQSVANAF IICGTLYTVS SYTSADATVN 

free 

IOGICA IVLSKLNPAN LELERTWETN IRKQSYANAF VICGILYTVS SYSSAHATVN 

C N R 
451 huGLCA FADGTGIS KTITIFFKNIR YKYSSDN PLKKIFAWD NINMVYDK 

irre . . . . . . . . . . . . . . . . . . . 

moGICA FAYDKGS KIPENR YKYSSMDN PRKFAWD NFNMVYDIK 

501 huGC1A Sk 

moGICA M Fig. 3 
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GLAUCOMA THERAPEUTICS AND 
DIAGNOSTICS 

This application is a continuation of application Ser. No. 
09/473,273, filed Dec. 28, 1999 now abandoned, which is 5 
a continuation of application Ser. No. 09/366,952, filed Aug. 
4, 1999 now Abandoned, which is a continuation of appli 
cation Ser. No. 09/056,285, flied Apr. 7, 1998 now U.S. Pat. 
No. 6,403,307, which is a continuation-in-part of application 
Ser. No. 08/822,999, filed Mar. 21, 1997, now U.S. Pat. No. 10 
6,271,026, issued Aug. 7, 2001, which is a continuation-in 
part of application Ser. No. 08/791,347, filed Jan. 30, 1997, 
now U.S. Pat. No. 5,885,776, issued March 23, 1999, which 
is a continuation-in-part of application Ser. No. 08/748,479, 
filed Nov. 8, 1996, now U.S. Pat. No. 5,925,748, issued Jul. 15 
20, 1999, which is a continuation-in-part of application Ser. 
No. 08/234,218, filed Apr. 28, 1994, now U.S. Pat. No. 
5,916,778, issued Jun. 29, 1999. These applications are 
incorporated by reference herein in their entirety. 

2O 
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EY02477, EY02162, EYO8426, P50HG 00835 and 
HG00457. The U.S. Government may therefore have certain 
rights in the invention. 

25 

2. BACKGROUND OF THE INVENTION 

Glaucoma is an optic nerve disorder characterized by so 
cupping of the optic nerve head and loSS of peripheral vision. 
Occasionally there is also loss of central vision. In the 
majority of patients, an elevated intraocular preSSure is 
present and is thought to contribute to the optic nerve 
damage. Glaucoma is the second leading cause of blindness is 
in developed countries (Leske, M. C. (1983) Am. J. of 
Epidemiology 118:166-191). Its prevalence increases with 
age and is greater in black patients (Leske, M. C. (1983) Am. 
J. of Epidemiology 118:166-191). Glaucoma affects 
approximately 2.3 million Americans and blinds approxi- a 
mately 12,000 of them per year (Tielsch, J. M. (1993) 
Therapy for glaucoma: costs and consequences. In Trans 
actions of the New Orleans Academy of Ophthalmologists, 
S. F. Ball, Franklin, R. M. (Ed.), pp 61-68. Kugler, 
Amsterdam). 45 

The most prevalent form of glaucoma is primary open 
angle glaucoma (POAG), a progressive disease of the optic 
nerve characterized by degeneration and cupping of the 
optic nerve, loss of peripheral Visual field, and increased 
intra-ocular pressure. Evidence indicates that POAG is 50 
genetically heterogeneous with a complex mode of inherit 
ance. An early onset form of POAG known as juvenile open 
angle glaucoma (JOAG) is an autosomal dominant disorder 
with high penetrance. 
A significant fraction of glaucoma has a genetic basis 55 

(Benedict, T. W. G. Abhaundlungen Zus dem Gebiete der 
Augenheilkunde. Breslau: L. Freunde (1842); Stokes, 
(1940) W. Arch Ophthalmol 24:885–909; Kellerman, L. and 
A. Posner, (1955) Am. J. Ophthalmol. 40:681–685; Becker, 
B., et al., (1960) Am. J. Ophthalmol. 50:557-567; Francois, 60 
J., et al., (1966) Am. J. Ophthalmol., 62:1067–1071; 
Armaly, M. F. (1967) Arch Ophthalmol; 78:35–43; Davies, 
T. G. (1968) Br. J Ophthalmol.:52:31–39; Jay, B., Paterson, 
G. (1970) Trans. Ophthalmol. Soc. U.K., 90:161-171; 
Paterson, G. (1970) Trans. Ophthalmol. Soc. U.K. 65 
90:515–525; Miller, S.J. H. (1978) Trans. Ophthalmol. Soc. 
U.K. 98:290–292), which allows genetic methods to be used 

2 
to investigate the pathophysiological mechanisms of the 
disease at the molecular level. The chromosomal locations 
of genes causing three genetically distinct types of primary 
open angle glaucoma have been identified (Sheffield, V., et 
al. (1993) Nature Genetics 4:47–50; Sunden, S. L. F., et al. 
(1996) 6:862-869; Richards, J. E., et al. (1994) Am. J. Hum. 
Genet.:54:62–70; Wiggs, J. L., et al. (1994) Genomics; 
21:299-303; Stoilova, D., et al. (1996) Genomics 
36:142–150; Wirtz, M. K., et al. (1997) Am. J. Hum. Genet. 
60:296-304). 

Therapeutics, which modulate (agonize or antagonize) 
genes (wild-type or mutant) involved in glaucoma, would be 
useful for the prevention and treatment of glaucoma. In 
addition, the detection of mutations in genes that correlate 
with the existence or a predisposition to the development of 
glaucoma can provide useful diagnostics. 

3. SUMMARY OF THE INVENTION 

In one aspect, the invention features isolated GLC1A 
nucleic acid molecules. The disclosed molecules can be 
non-coding, (e.g. probe, antisense or ribozyme molecules) or 
can encode a functional polypeptide (e.g. a polypeptide 
which specifically modulates, e.g., by acting as either an 
agonist or antagonist, at least one bioactivity of a myocilin 
polypeptide). 

In further embodiments, the nucleic acid molecule is a 
GLC1A nucleic acid that is at least 70%, preferably 80%, 
more preferably 85%, and even more preferably at least 95% 
homologous in Sequence to the nucleic acids shown as SEQ 
ID No. 7 or 9 or to the complement thereof. In another 
embodiment, the nucleic acid molecule encodes a polypep 
tide that is at least 92% and more preferably at least 95% 
similar in sequence to the polypeptide shown in SEQID No: 
8 or 10. 
The invention also provides probes and primers compris 

ing Substantially purified oligonucleotides, which corre 
spond to a region of nucleotide Sequence which hybridizes 
to at least about 6 consecutive nucleotides of the Sequences 
set forth as SEQ ID Nos: 1, 2, 3, 4, 5 or 6 or complements 
of the sequences set forth as SEQ ID Nos: 1, 2, 3, 4, 5 or 6 
or naturally occurring mutants thereof. In preferred 
embodiments, the probe/primer further includes a label 
group attached thereto, which is capable of being detected. 

For expression, the Subject GLC1A nucleic acids can 
include a transcriptional regulatory Sequence, e.g. at least 
one of a transcriptional promoter (e.g., for constitutive 
expression or inducible expression) or transcriptional 
enhancer or Suppressor Sequence, which regulatory 
Sequence is operably linked to the GLC1A gene Sequence. 
Such regulatory Sequences in conjunction with a GLC1A 
nucleic acid molecule can provide a useful vector for gene 
expression. This invention also describes host cells trans 
fected with Said expression vector whether prokaryotic or 
eukaryotic and in vitro (e.g. cell culture) and in Vivo (e.g. 
transgenic) methods for producing GLC1A proteins by 
employing Said expression vectors. 

In another aspect, the invention features isolated myocilin 
polypeptides, preferably Substantially pure preparations, e.g. 
of plasma purified or recombinantly produced myocilin 
polypeptides. In one embodiment, the polypeptide is iden 
tical to or similar to a myocilin protein represented in SEQ 
ID No: 8 or 10. Related members of the vertebrate and 
particularly the mammalian myocilin family are also within 
the Scope of the invention. Preferably, a myocilin polypep 
tide has an amino acid Sequence at least about 92% homolo 
gous and preferably at least about 95%, 96%, 97%, 98% or 
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99% homologous to the polypeptide represented in SEQ ID 
No: 8 or 10. In a preferred embodiment, the myocilin 
polypeptide is encoded by a nucleic acid which hybridizes 
with a nucleic acid Sequence represented in one of SEQ ID 
No. 7 or 9. The subject myocilin proteins also include 
modified proteins, which are resistant to post-translational 
modification, as for example, due to mutations which alter 
modification sites (such as tyrosine, threonine, Serine or 
aspargine residues), or which prevent glycosylation of the 
protein, or which prevent interaction of the protein with 
intracellular proteins involved in Signal transduction. 

The myocilin polypeptide can comprise a full length 
protein, such as represented in SEQID No: 8 or 10, or it can 
comprise a fragment corresponding to one or more particular 
motifs/domains, or to arbitrary sizes, e.g., at least 5, 10, 25, 
50, 100, 150, 175, 200, 225, 250, 275,300, 325, 350, 375, 
400, 425, 450, 460, 470, 475, 480, 485, or 490 amino acids 
in length. 

Another aspect of the invention features chimeric mol 
ecules (e.g. fusion proteins) comprised of a myocilin pro 
tein. For instance, the myocilin protein can be provided as a 
recombinant fusion protein which includes a Second 
polypeptide portion, e.g., a Second polypeptide having an 
amino acid sequence unrelated (heterologous) to the myo 
cilin polypeptide (e.g. the Second polypeptide portion is 
glutathione-S-transferase, an enzymatic activity Such as 
alkaline phosphatase or an epitope tag). 

Yet another aspect of the present invention concerns an 
immunogen comprising a myocilin polypeptide in an immu 
nogenic preparation, the immunogen being capable of elic 
iting an immune response specific for a myocilin polypep 
tide; e.g. a humoral response, an antibody response and/or 
cellular response. In preferred embodiments, the immuno 
gen comprises an antigenic determinant, e.g. a unique 
determinant, from the protein represented in SEQ ID Nos: 8 
or 10. 

A Still further aspect of the present invention features 
antibodies and antibody preparations Specifically reactive 
with an epitope of the myocilin protein. In preferred embodi 
ments the antibody Specifically binds to at least one epitope 
represented in SEQ ID Nos: 8 or 10. 

The invention also features transgenic non-human ani 
mals which include (and preferably express) a heterologous 
form of a GLC1A gene described herein, or which misex 
press an endogenous GLC1A gene (e.g., an animal in which 
expression of one or more of the Subject GLC1A proteins is 
disrupted). Such a transgenic animal can serve as an animal 
model for Studying cellular and tissue disorders comprising 
mutated or mis-expressed GLC1A alleles or for use in drug 
Screening. Alternatively, Such a transgenic animal can be 
useful for expressing recombinant myocilin polypeptides. 

In yet another aspect, the invention provides assays, e.g., 
for Screening test compounds to identify inhibitors, or 
alternatively, potentiators, of an interaction between a myo 
cilin protein and, for example, a virus, an extracellular 
ligand of the myocilin protein, or an intracellular protein 
which binds to the myocilin protein. 
A further aspect of the present invention provides a 

method of determining if a Subject is at risk for glaucoma or 
another disorder resulting from a mutant GLC1A gene. The 
method includes detecting, in a tissue of the Subject, the 
presence or absence of a genetic lesion characterized by at 
least one of (i) a mutation of a gene encoding a myocilin 
protein, (e.g., a gene represented in one of SEQ ID Nos: 7 
or 9, or a homolog thereof or a mutation of a GLC1A 
intronic sequence, e.g. as represented in SEQ ID Nos. 1-6); 
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4 
or (ii) the mis-expression of a GLC1A gene. In preferred 
embodiments, detecting the genetic lesion includes ascer 
taining the existence of at least one of: a deletion of one or 
more nucleotides from a GLC1A gene; an addition of one or 
more nucleotides to the gene, a Substitution of one or more 
nucleotides of the gene, a groSS chromosomal rearrangement 
of the gene; an alteration in the level of a messenger RNA 
transcript of the gene (e.g., due to a promoter mutation); the 
presence of a non-wild type splicing pattern of a messenger 
RNA transcript of the gene; a non-wild type level of the 
protein; and/or an aberrant level of Soluble myocilin protein. 

For example, detecting the genetic lesion can include (i) 
providing a probe/primer comprised of an oligonucleotide 
which hybridizes to a Sense or antisense Sequence of a 
GLC1A gene or naturally occurring mutants thereof, or 
intronic flanking Sequences naturally associated with the 
GLC1A gene; (ii) contacting the probe/primer to an appro 
priate nucleic acid containing Sample; and (iii) detecting, by 
hybridization of the probe/primer to the nucleic acid, the 
presence or absence of the genetic lesion; e.g. wherein 
detecting the lesion comprises utilizing the probe/primer to 
determine the nucleotide Sequence of the GLC1A gene and, 
optionally, of the flanking nucleic acid Sequences. For 
instance, the primer can be employed in a polymerase chain 
reaction (PCR) or in a ligation chain reaction (LCR). In 
alternate embodiments, the level of a GLC1A protein is 
detected in an immunoassay using an antibody which is 
Specifically immunoreactive with the myocilin protein. 

Other features and advantages of the invention will be 
apparent from the following detailed description and claims. 

3. BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is an alignment of human and mouse GLC1A gene 
Sequences. The three exons of the human and mouse GLC1A 
genes and flanking Sequences are aligned in panels A, B and 
C. These Sequences, are not continuous. EXOn Sequences are 
reported in capital letters while flanking Sequences are in 
lower-case letters. Nucleotides conserved between mouse 
and human are indicated by a closed circle. In panel 1A 
(human GLC1A (SEQ ID NO: 1) and mouse GLC1A (SEQ 
ID NO:4)), exon 1 and flanking promoter and intron 1 
Sequences are shown. A Subset of putative promoter and 
enhancer elements are underlined and labeled. GRE half 
sites are indicated by “GR.” A (CA) repeat polymorphism in 
the 5' flanking region of the human GLC1A gene is also 
underlined and labeled “(CA) repeat polymorphism.” In 
panel 1B (human GLC1A (SEQ ID NO:2) and mouse 
GLC1A (SEQ ID NO:5)), exon 2 and flanking intron 1 and 
intron 2 Sequences are shown. In panel 1 C (human GLC1A 
(SEQ ID NO:3) and mouse GLC1A (SEQ ID NO:6)), exon 
3 and flanking intron 2 and downstream Sequences are 
shown. Polyadenylation Signal Sequences are underlined and 
labeled “poly-A.” A (CA) repeat polymorphism downstream 
of the human GLC1A gene is also underlined and labeled 
“(CA) repeat polymorphism.” 

FIG. 2 is a Schematic representation of putative motifs 
that are conserved between human and mouse myocilin 
proteins. 

FIG. 3 is an alignment of the proteins predicted by the 
mouse (SEQ. ID NO:10) and human (SEQ ID NO:8) 
GLC1A genes. Amino acids conserved between mouse and 
human are indicated by a closed circle. The location of 
disease-causing mutations previously identified in the 
human GLC1A gene are indicated. For each missense 
mutation, the mutant residue is shown directly above the 
wild-type amino acid. The location of a nonsense mutation 
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is indicated by a “1” and the location of an insertion 
mutation is indicated by a “2.” 

4. DETAILED DESCRIPTION OF THE 
INVENTION 

4.1. General 

AS reported herein, a genetic locus associated with JOAG 
was identified on chromosome 1d21-q31 by genetic linkage 
analysis. Observed recombinations between the glaucoma 
phenotype and highly polymorphic genetic markers in two 
large JOAG kindreds allowed the interval containing 
GLC1A gene to be narrowed to a 3 cM region of chromo 
some 1d between markers D1S3665 and D1S3664. Further 
evaluation of marker haplotypes revealed that each of three 
pairs of glaucoma families shared alleles of the Same eight 
contiguous markerS Suggesting that the GLC1A gene lies 
within a narrower interval defined by D1S1619 and 
D1 S3664. 

Several genes mapping to the GLC1A region of chromo 
Some 1 were considered as candidates for the disease 
causing gene. Three genes (LAMC1 (H. C. Watkins et. al., 
(1993) Hum. Mol. Genet. 2: 1084), NPRI (D. G. Lowe et al., 
(1990) Genomics 8:304), and CNR2 (S. Munro et al., (1993) 
Nature 365:61), were excluded from the candidate region by 
genetic linkage analysis using intragenic polymorphic mark 
erS. Five additional candidate genes were determined to lie 
within the observed recombinant interval by YAC STS 
content mapping: selectin E (M. P. Bevilacqua et al., (1989) 
Science 243:1160) (GenBank accession no. M24736); selec 
tin L (T. F. Tedder et al., (1989) J. Exp. Med 170:123) 
(GenBank accession no. M25280); TXGP-1 (S. Miura et al., 
(1991) Mol. Cell Biol 11:1313) (GenBank accession no. 
MD90224; APT1LG1 (T. Takahashi et al., (1994) Int. Immu 
nol. 6, 1567); and TIGR (Trabecular meshwork Induced 
Glucocorticoid Response Protein) (J. R. Polansky et al., 
(1989) Prog. Clin. Biol. Res 12:113; J. Escribano et al., 
(1995) J. Biochem. 118:921; International Patent Applica 
tion Publication No. WO 96/14411) (GenBank accession 
nos. R95491, R95447, R95443, R47209). However, two of 
these genes (selectin E, and Selectin L) were found to lie 
outside of the shared haplotype interval with this approach. 
The remaining genes (APT1LG1, TXGP-1, and TIGR) were 
found to map within the narrowest JOAG interval by both 
YAC STS content and radiation hybrid mapping. 
Two of these genes (APT1LG1 and TIGR) were screened 

for mutations in families with JOAG. Primers were selected 
from the available sequence (T. Takahashi et al., (1994) Int. 
Immunol. 6, 1567, J. Escribano et al., (1995) J. Biochem. 
118:921; International Patent Application Publication No. 
WO 96/14411) (GenBank accession nos. R95491, R95447, 
R95443, R47209) and overlapping PCR amplification prod 
ucts were evaluated by Single Strand conformation polymor 
phism analysis (B. J. Bassam et al., (1991) Anal. Biochem. 
196: 80) and direct DNA sequencing. Although the complete 
cDNA sequence of the APT1LG1 and TIGR genes have 
been published, the presence of intervening Sequences per 
mitted only 85-90% of their coding sequences to be 
screened in genomic DNA. Eight unrelated JOAG patients 
were screened with the APT1LG1 assay but no sequence 
variants were identified. 

The TIGR gene assay was initially used to screen affected 
members of four different 1 q-linked glaucoma families, and 
affected members of four smaller families implicated by 
haplotypic data. Amino-acid-altering mutations were 
detected in four of eight families. A tyrosine to histidine 
mutation in codon 437 was detected in all 22 affected 
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members of the original family (V. C. Sheffield et al., (1993) 
Nature Genet. 4:47) linked to 1d. A glycine to valine 
mutation in codon 364 was detected in two families includ 
ing one previously unreported adult-onset open angle glau 
coma family with 15 affected members. A nonsense muta 
tion (glutamine to stop) at codon 368 was detected in two 
families. The latter mutation would be expected to result in 
a truncation of the gene product. 
The prevalence of mutations in the two PCR amplimers 

that harbored these three changes was then estimated by 
Screening four different populations: glaucoma patients with 
a family history of the disease; unselected primary open 
angle glaucoma probands Seen in a Single clinic; the general 
population (approximated by patients with heritable retinal 
disease and Spouses from families who participated in prior 
linkage studies); and, unrelated Volunteers over the age of 40 
with normal intraocular preSSures and no personal or family 
history of glaucoma. PCR products determined to contain a 
Sequence variation by SSCP were Sequenced and compared 
to Sequence generated from an unaffected individual as well 
as the normal chromosome in each affected individual. 
Overall, missense or nonsense mutations were found in 
about 3–5% of unrelated glaucoma patients and in about 
0.2% of controls. A Chi-square test revealed this difference 
to be significant (p<0.001). 

In a subsequent study, SSCP screening followed by 
sequencing of DNA from 1312 unrelated individuals 
revealed a total of 33 GLC1A Sequence changes. Sequenc 
ing of the entire GLC1A coding region amplified from the 
probands of three families with 1d-linked glaucoma, but 
without SSCP shifts revealed three additional sequence 
changes. Sixteen of these 36 sequence variations (Table 1) 
met the following criteria for a "probable' disease causing 
mutation: 1) presence in one or more glaucoma patients; 2) 
alteration of the predicted amino acid Sequence; 3) presence 
in less than 1% of the general population; 4) absence in the 
91 normal volunteers. These sixteen mutations were found 
in 34 of the 716 glaucoma probands (4.7%). Ten sequence 
changes failed to alter the predicted amino acid Sequence of 
GLC1A and are therefore likely to be non-disease-causing 
polymorphisms (Table 3). Nine sequence changes altered 
the predicted amino acid sequence of GLC1A (eight) or the 
5' flanking region (one) but were judged likely to be non 
disease-causing polymorphisms (Table 2) for one of the 
following reasons. they were present in more than 1% of the 
general population (three), they were found only in the 
normal or general population (five), or they were found in 
the same allele as a more likely disease-causing mutation 
(one). 

TABLE 1. 

Probable Mutations 

1) GLN19HIS 
2) ARG82CYS 
3) TRP286ARG 
4) THR293LYS 
5) PRO361SER 
6) GLY364VAL 
7) GLN368STOP 
8) THR377MET 
9)ASP380GLY 

10) 396INS397 
11) ARG422HIS 
12) TYR437HIS 
13) ALA445VAL 
14) ARG470CYS 
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TABLE 1-continued 

Probable Mutations 

15) ILE477ASN 
16) LYS500ARG 

TABLE 2 

Probable Polymorphism 

1) GLU352LYS 
2) CYS9SER 
3) ASN73SER 
4) ARG76LYS 
5) LYS398ARG 
6) ARG422CYS 
7) SER425PRO 
8) TYR473CYS 
9) VAL495ILE7 

TABLE 3 

Third Nucleotide (Wobble) Polymorphisms 

1) PRO13PRO 
2) GLY122GLY 
3) LEU159LEU 
4) LYS266LYS 
5) THR285THR 
6) THR325THR 
7) VAL329VAL 
8) TYR347TYR 
9) GLU396GLU 

10) VAL439VAL 

Bacterial artificial chromosomes (BACs) containing the 
human GLC17309A gene and its mouse orthologue were 
Subcloned and Sequenced to reveal the genomic structure of 
the genes. Both the human and mouse GLC1A genes are 
composed of three exons. Human exon 1 (including the 5' 
promoter region of exon 1, base pairs 1-1905; exon 1, base 
pairs 1906-2509; and the 5' end of intron 1, base pairs 
2510–2800) is set forth as SEQ ID No: 1. Human exon 2 
(including the 3' end of intron 1, base pairs 1-193; exon 2, 
base pairs 194-319; and the 5' end of intron 2, base pairs 
320-680) is set forth as SEQ ID No:2. Human exon 3 
(including the 3' end of intron 2, base pairs 1-427; exon 3, 
base pairs 428-1212; and the 3' UTR, base pairs 1213-2000) 
is set forth as SEQID No:3. Mouse exon 1 (including the 5' 
promoter region of exon 1; base pairs 1-1947; exon 1, base 
pairs 1948-2509; and the 5' end of intron 1, base pairs 
2510–2800) is set forth as SEQ ID No:4. Mouse exon 2 
(including the 3' end of intron 1, base pairs 1-193; exon 2, 
base pairs 194-319; and the 5' end of intron 2, base pairs 
320-680) is set forth as SEQ ID No. 5 and mouse exon 3 
(including the 3' end of intron 2, base pairs 1-427; exon 3, 
base pairs 428-1212 and the 3' UTR, base pairs 1213-1456) 
is set forth as SEQ ID No:6. Exons two and three are 126 
base pairs and 782 base pairs long in both genes, while exon 
one is 604 base pairs in the human gene and 562 base pairs 
in the mouse gene. Exon-intron borders are completely 
conserved between mouse and human. The human coding 
GLC1A nucleotide Sequence is comprised of 1512 nucle 
otides (SEQ ID No. 7) and encodes a 504 amino acid 
myocilin protein (SEQID NO. 8) having a molecular weight 
of about 57 kDa. The mouse coding GLC1A nucleotide 
sequence is comprised of 1470 nucleotides (SEQ ID No. 9) 
and encodes a 490 amino acid myocilin protein (SEQ ID No: 
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8 
10) having a molecular weight of about 55 kDa. The human 
and mouse coding Sequences are 83% identical at the 
nucleotide level and predict proteins that are 82% identical 
at the amino acid level. 
Many putative transcription regulatory Sequences were 

identified in the upstream region of the GLC1A genes (Table 
4). Three poly-adenylation sites were located in the 3' UTR 
of the human gene at positions 1714, 1864 and 2006 base 
pairs following the putative Start codon. Additionally the 
human GLC1A gene was found to be closely flanked by two 
CA simple tandem repeat polymorphisms (STRPs) that 
proved to be useful genetic markers for tracing the Segre 
gation of the gene within families. 

TABLE 4 

Putative GLCIA promoter and enhancer elements 

Human and Mouse Human only Mouse only 

AP-1 AFP1 DTF-1 
AP-2 CF2-II GATA-2 
AP-3 CP2 Hb 
AR DBP Lva 
c-ETS Elk-1 Lvb-binding factor 
c-Myc G6 Factor MAF 
C/EBP HNF-1 MAZ 
CAC-binding protein HOX-D8 nueBP-C2 
Dr HOX-D9 NF-E2 
En HOX-10 PTF-beta 
F2F IRF TF3-s 
GATA-1 LyF-1 USF 
GFII MBF-1 
GR MCBF 
HNF-A Myogenin 
HNF-3 NF-Ins 
MBF-1 TCF-2alpha 
MEP-1 TDEF 

NF-GMb TII 
N-Oct-3 UBP-1 
Oct WT1 
PEA3 Pit-1a 
PPAR 
PR 
PU.1 
PuF 
Sp1 
SRY 
TCF-1A 
TFIIB 
TFIIE 
TFIIF 
TMF 

Zeste 

The human GLC1A gene has been placed on the chro 
mosome 1 physical map between four flanking genes 
(SELL, SELE, GLC1A, APT1LG1, AT3). The mouse 
homologs of these flanking genes are present in the same 
order on the mouse chromosome 1, Suggesting that the 
mouse GLC1A gene is located in this Syntenic region 
between the mouse homologues of SELE and APT1LG1. 
The expression of human GLC1A was examined by 

Northern blot analysis of RNA from adult tissues. High 
levels of expression of the 2.3 kb mRNA was found in a 
wide range of tissues including: heart, skeletal muscle, 
Stomach, thyroid, trachea, bone marrow, thymus, prostate, 
Small intestine and colon. LeSS abundant GLC1A expression 
was observed in lung, pancreas, testis, ovary, Spinal cord, 
lymph node and adrenal gland. GLC1A transcripts were not 
detected in brain, placenta, liver, kidney, Spleen or leuko 
cytes. A similar expression pattern was observed in the 
mouse. To test the possibility that certain regions of the brain 
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were under represented in poly-A selected mRNA of total 
brain tissue, a Northern blot prepared with RNA from 
Several different regions of the brain were hybridized using 
a GLC1A probe. Hybridization was observed in the spinal 
cord, but not in the cerebellum, cerebral cortex, medulla, 
occipital lobe, frontal lobe, temporal lobe, or putamen. 

FIG. 2 illustrates protein motifs that are present in both 
human and mouse GLC1A proteins. Both the GLC1A 
nucleic acid Sequence and encoded myocilin amino acid 
Sequence show homology to nonmuscle myosin in the 
N-terminal region and to olfactomedin in the C-terminal 
region. In addition, both human and mouse GLC1A proteins 
contain a leucine Zipper domain Similar to that Seen in 
kinectin and other cytoskeletal proteins in the myosin-like 
domain (spanning amino acids 71–152). This motif consists 
of two Subregions spanning amino acids 71-85 and 103-152 
in which leucine residues appear three to eight times at every 
seventh position. Both the human and the mouse GLC1A 
nucleic acids include 10 putative phosphorylation sites and 
4 putative glycosylation sites. In addition to these functional 
domains, a hydrophobic domain appears at the N-terminus 
of the myocilin protein and includes a Sequence resembling 
a signal peptide in which the alanine residue at position 18 
may be a possible cleavage site. 

Further analysis reveals a hydrophobic region between 
amino acids 17-37 and 426-44. However, the length and 
degree of hydrophobicity of these domains Suggests that 
they are not membrane Spanning. The carboxy-terminal 
three amino acids of human GLC1A protein are Serine, 
lysine and methionine. This sequence has been shown to 
function as a peroxisome targeting Sequence in other pro 
teins (Subramani, S (1993) Ann. Rev. of Cell Bio. 
9:445-478). However, no Such putative targeting sequence 
is present in the mouse protein. Western blot analysis of 
human GLC1A protein reveals bands at 57 and 59 kD, 
confirming the predicted protein size and providing evidence 
that the protein may be glycosylated. These findings Suggest 
that myocilin is a novel cytoskeletal protein involved in the 
development of neuroepithelium, Such as photoreceptor 
cells. 

FIG. 3 shows an alignment of the predicted amino acid 
Sequence for the mouse and human GLC1A genes and 
indicates the position of Sixteen mutations with respect to 
the mouse and human GLC1A protein Seqeuences. Fourteen 
of these mutations are missense mutations that result in 
Single amino acid Substitutions. Twelve of these occur at 
amino acids that are conserved between human and mouse 
while two occur at amino acids that are not conserved. The 
two remaining mutations include an insertion that disrupts 
two conserved amino acids and a nonsense mutation that 
results in the truncation of the terminal 136 amino acids of 
the GLC1A protein and the loss of 121 conserved residues. 
Thus, the percentage of disease causing mutations found in 
amino acids conserved between mouse and human (88%) is 
not significantly different from the overall protein conser 
Vation across Species (82%). 

Importantly, the GLC1A nucleic acid Sequence differs 
Substantially from the TIGR gene Sequence reported in 
International Patent Application No. WO 96/14411 
(GenBank accession nos. R95491, R95447, R95443 and 
R947209). In fact, as reported, the TIGR gene sequence does 
not encode a functional protein. 
A Summary of the differences between the GLC1A gene 

disclosed herein, and the TIGR gene are presented in Table 
5. 
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TABLE 5 

Differences Between GLC1A and TIGR Gene Sequences 

1. The “C” at bp #331 of the GLC1A DNA coding 
sequence is not present in the TIGR sequence. 

2. The 29 bps 
“AGGGGCTGCAGAGGGAGCTGGGCACCCTG’ 

(SEQ ID NO. 11) at bp #344-372 of the GLC1A 
DNA coding sequence are not included in the 
TIGR sequence. 
Errors 1 and 2 cause the TIGR sequence to wrongly predict 
4 amino acids and exclude 10 amino acids from the protein 
sequence. 

3. The “C” at bp #559 of the GLC1A DNA coding 
sequence is not present in the TIGR sequence. 

4. A “T” is wrongly inserted between bp #560 and 
#561 of the GLC1A DNA coding sequence in the 
TIGR sequence. 
Errors 3 and 4 cause the TIGR sequence to 
incorrectly predict a serine amino acid at residue 
#187 instead of a glutamine. 

5. The 9 bps “CTCAGGAGT present at bps 706–714 
of the GLC1A DNA coding sequence are wrongly 
duplicated and inserted between bp 714 and 715 in 
the TIGR sequence. 
Consequently, the TIGR DNA sequence incorrectly 
predicts that 3 amino acids are inserted into the GLC1A protein 
sequence. 

6. A “T” is incorrectly inserted between bp #841 and #842 of the 
GLC1A DNA coding sequence in the TIGR sequence. 

7. The “G” at bp #891 of the GLC1A DNA coding 
sequence is not present in the TIGR sequence. 
Errors 6 and 7 cause 17 amino acids predicted by 
the GLC1A DNA coding sequence to be out of 
frame in the TIGR sequence. 

8. A “G” at bp #979 of the GLC1A DNA coding 
sequence is replaced with a “C” in the TIGR 
sequence. 

9. A “C” at bp #980 of the GLC1A DNA coding 
sequence is replaced with a “G” in the TIGR 
sequence. 
Errors 8. and 9. cause the TIGR sequence to wrongly 
predict an arginine amino acid at residue #327 instead of an 
alanine. 

The above 9 errors in the TIGR GLC1A sequence result 
in 45 nucleotide differences that cause 42 incorrect amino 
acid predictions. Therefore the human TIGR amino acid 
sequence is only about 91.67% identical to the human 
myocilin protein Sequence and the human TIGR gene 
sequence is only about 97% identical to the human GLC1A 
Sequence. 

The identification of this disease gene increases the under 
Standing of the pathophysiology of glaucoma, which in turn 
facilitates the development of assays for identifying mol 
ecules that modulate (e.g. agonize or antagonize) the bio 
activity of a functional or mutant TIGR gene or protein. A 
therapeutically effective amount of these molecules can be 
administered to a Subject with glaucoma or at risk for 
developing glaucoma to prevent or reduce the Severity of the 
condition. 

In addition, the establishment of the disease-causing 
nature of each GLC1A Sequence variant and the associated 
penetrance and age of onset, as Set forth herein, enables a 
clinician to provide patients, who harbor a particular 
Sequence change, with useful information regarding their 
risk of developing glaucoma. 

4.2. Definitions 
For convenience, the meaning of certain terms and 

phrases employed in the Specification, examples, and 
appended claims are provided below. 
The term "agonist', as used herein, is meant to refer to an 

agent (e.g., a myocilin therapeutic) that directly or indirectly 
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enhances, Supplements or potentiates a wildtype or mutant 
myocilin bioactivity. 

The term “antagonist', as used herein, is meant to refer to 
an agent (e.g. a myocilin therapeutic) that directly or indi 
rectly prevents, minimizes or Suppresses a wildtype or 
mutant myocilin bioactivity. 

“Cells”, “host cells' or “recombinant host cells' are terms 
used interchangeably herein. It is understood that Such terms 
refer not only to the particular Subject cell but to the progeny 
or potential progeny of Such a cell. Because certain modi 
fications may occur in Succeeding generations due to either 
mutation or environmental influences, Such progeny may 
not, in fact, be identical to the parent cell, but are still 
included within the Scope of the term as used herein. 
A “chimeric protein' or “fusion protein' is a fusion of a 

first amino acid Sequence encoding one of the Subject 
polypeptides with a Second amino acid Sequence defining a 
domain (e.g. polypeptide portion) foreign to and not Sub 
Stantially homologous with any domain of one of the pro 
teins. A chimeric protein may present a foreign domain 
which is found (albeit in a different protein) in an organism 
which also expresses the first protein, or it may be an 
“interspecies”, “intergenic', etc. fusion of protein Structures 
expressed by different kinds of organisms. In general, a 
fusion protein can be represented by the general formula 
X-myocilin-Y, wherein myocilin represents at least a portion 
of the protein which is derived from one of the myocilin 
proteins, and X and Y are independently absent or represent 
amino acid Sequences which are not related to one of the 
myocilin Sequences in an organism, including naturally 
occurring mutants. 

“Complementary Sequences as used herein refer to 
Sequences which have Sufficient complementarity to be able 
to hybridize, forming a stable duplex. 
A "delivery complex” shall mean a targeting means (e.g. 

a molecule that results in higher affinity binding of a gene, 
protein, polypeptide or peptide to a target cell Surface and/or 
increased cellular uptake by a target cell). Examples of 
targeting means include: Sterols (e.g. cholesterol), lipids 
(e.g. a cationic lipid, ViroSome or liposome), Viruses (e.g. 
adenovirus, adeno-associated virus, and retrovirus) or target 
cell specific binding agents (e.g. ligands recognized by 
target cell specific receptors). Preferred complexes are Suf 
ficiently stable in Vivo to prevent significant uncoupling 
prior to internalization by the target cell. However, the 
complex is cleavable under appropriate conditions within 
the cell So that the gene, protein, polypeptide or peptide is 
released in a functional form. 
AS is well known, genes for a particular polypeptide may 

exist in Single or multiple copies within the genome of an 
individual. Such duplicate genes may be identical or may 
have certain modifications, including nucleotide 
Substitutions, additions or deletions, which all still code for 
polypeptides having Substantially the same activity. The 
term “DNA sequence encoding a myocilin polypeptide' may 
thus refer to one or more genes within a particular indi 
vidual. Moreover, certain differences in nucleotide 
Sequences may exist between individual organisms, which 
are called alleles. Such allelic differences may or may not 
result in differences in amino acid Sequence of the encoded 
polypeptide yet still encode a protein with the Same biologi 
cal activity. 
AS used herein, the term “gene' or “recombinant gene’ 

refers to a nucleic acid molecule comprising an open reading 
frame encoding one of the polypeptides of the present 
invention, including both exon and (optionally) intron 
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12 
Sequences. A “recombinant gene' refers to nucleic acid 
encoding a myocilin polypeptide and comprising GLC1A 
encoding eXOn Sequences, though it may optionally include 
intron Sequences which are either derived from a chromo 
Somal GLC1A gene or from an unrelated chromosomal 
gene. Exemplary recombinant genes encoding the Subject 
myocilin polypeptides are represented in SEQ ID NO 7 and 
9. The term “intron” refers to a DNA sequence present in a 
given GLC1A gene which is not translated into protein and 
is generally found between exons. 
“Homology” or “identity” or “similarity” refers to 

Sequence Similarity between two peptides or between two 
nucleic acid molecules. Homology can be determined by 
comparing a position in each Sequence which may be 
aligned for purposes of comparison. When a position in the 
compared Sequence is occupied by the same base or amino 
acid, then the molecules are homologous at that position. A 
degree of homology between Sequences is a function of the 
number of matching or homologous positions shared by the 
Sequences. An "unrelated” or “non-homologous' Sequence 
shares less than 40% identity, though preferably less than 
25% identity, with one of the GLC1A sequences of the 
present invention. 
The term “interact' as used herein is meant to include 

detectable interactions between molecules, Such as can be 
detected using, for example, a yeast two hybrid assay. The 
term interact is also meant to include “binding interactions 
between molecules. Interactions may, for example, be 
protein-protein or protein-nucleic acid in nature. 
The term "isolated” as used herein with respect to nucleic 

acids, such as DNA or RNA, refers to molecules separated 
from other DNAS, or RNAS, respectively, that are present in 
the natural Source of the macromolecule. For example, an 
isolated nucleic acid encoding one of the Subject GLC1A 
polypeptides preferably includes no more than 10 kilobases 
(kb) of nucleic acid sequence which naturally immediately 
flanks the GLC1A gene in genomic DNA, more preferably 
no more than 5 kb of Such naturally occurring flanking 
Sequences, and most preferably less than 1.5 kb of Such 
naturally occurring flanking Sequence. The term isolated as 
used herein also refers to a nucleic acid or peptide that is 
Substantially free of cellular material, Viral material, or 
culture medium when produced by recombinant DNA 
techniques, or chemical precursors or other chemicals when 
chemically Synthesized. Moreover, an "isolated nucleic 
acid' is meant to include nucleic acid fragments which are 
not naturally occurring as fragments and would not be found 
in the natural state. The term "isolated” is also used herein 
to refer to polypeptides which are isolated from other 
cellular proteins and is meant to encompass both purified 
and recombinant polypeptides. 
The term “modulation” as used herein refers to both 

upregulation, (i.e., activation or stimulation), for example by 
agonizing; and downregulation, (i.e. inhibition or 
Suppression) for example by antagonizing a myocilin bio 
activity. 
A “myocilin bioactivity, biological activity or “activ 

ity” is meant to refer to a cytoskeletal or antigenic function 
that is directly or indirectly preformed by a myocilin 
polypeptide (whether in its native or de natured 
conformation), or by any Subsequence thereof. Cytoskeletal 
functions include processes involved with the development 
or structure of ciliated neuroepithelium (e.g. comprising 
photoreceptor cells). Antigenic functions include possession 
of an epitope or antigenic Site that is capable of croSS 
reacting with antibodies raised against a naturally occurring 
or denatured myocilin polypeptide or fragment thereof. 
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The “non-human animals” of the invention include mam 
mals. Such as rodents, non-human primates, sheep, dog, cow, 
chickens, amphibians, reptiles, etc. Preferred non-human 
animals are Selected from the rodent family including rat and 
mouse, most preferably mouse, though transgenic 
amphibians, Such as members of the Xenopus genus, and 
transgenic chickens can also provide important tools for 
understanding and identifying agents which can affect, for 
example, embryogenesis and tissue formation. The term 
"chimeric animal' is used herein to refer to animals in which 
the recombinant gene is found, or in which the recombinant 
gene is expressed in Some but not all cells of the animal. The 
term “tissue-specific chimeric animal' indicates that one of 
the recombinant GLC1A genes is present and/or expressed 
or disrupted in Some tissues but not others. 
AS used herein, the term “nucleic acid” refers to poly 

nucleotides Such as deoxyribonucleic acid (DNA), and, 
where appropriate, ribonucleic acid (RNA). The term should 
also be understood to include, as equivalents, analogs of 
either RNA or DNA made from nucleotide analogs, and, as 
applicable to the embodiment being described, single (sense 
or antisense) and double-stranded polynucleotides. 
As used herein, the term “promoter” means a DNA 

Sequence that regulates expression of a Selected DNA 
Sequence operably linked to the promoter, and which effects 
expression of the selected DNA sequence in cells. The term 
encompasses “tissue specific' promoters, i.e. promoters, 
which effect expression of the selected DNA sequence only 
in specific cells (e.g. cells of a specific tissue). The term also 
coverS So-called “leaky' promoters, which regulate expres 
Sion of a Selected DNA primarily in one tissue, but cause 
expression in other tissueS as well. The term also encom 
passes non-tissue Specific promoters and promoters that 
constitutively express or that are inducible (i.e. expression 
levels can be controlled). 

The terms “protein”, “polypeptide' and “peptide' are 
used interchangeably herein when referring to a gene prod 
uct. 

The term “recombinant protein” refers to a polypeptide of 
the present invention which is produced by recombinant 
DNA techniques, wherein generally, DNA encoding a myo 
cilin polypeptide is inserted into a Suitable expression vector 
which is in turn used to transform a host cell to produce the 
heterologous protein. Moreover, the phrase “derived from', 
with respect to a recombinant GLC1A gene, is meant to 
include within the meaning of “recombinant protein’ those 
proteins having an amino acid Sequence of a native myocilin 
protein, or an amino acid Sequence Similar thereto which is 
generated by mutations including Substitutions and deletions 
(including truncation) of a naturally occurring form of the 
protein. 

“Small molecule' as used herein, is meant to refer to a 
composition, which has a molecular weight of less than 
about 5 kD and most preferably less than about 4 kD. Small 
molecules can be nucleic acids, peptides, polypeptides, 
peptidometics, carbohydrates, lipids or other organic carbon 
containing or inorganic molecules. Extensive libraries of 
chemical or biological (e.g., fungal, bacterial or algal 
extracts) mixtures are available for Screening with the assays 
of the invention. 
As used herein, the term “specifically hybridizes” or 

“specifically detects” refers to the ability of a nucleic acid 
molecule of the invention to hybridize to at least approxi 
mately 6, 12, 20, 30, 50, 100, 150, 200, 300, 350, 400, 450, 
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 
1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 
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1460, 1470, 1480, 1490 consecutive nucleotides of a 
vertebrate, preferably GLC1A gene, such as a GLC1A 
sequence designated in one of SEQ ID Nos: 7 or 9, or a 
Sequence complementary thereto, or naturally occurring 
mutants thereof, Such that it shows at least 10 times more 
hybridization, preferably at least 50 times more 
hybridization, and even more preferably at least 100 times 
more hybridization than it does to a cellular nucleic acid 
(e.g., mRNA or genomic DNA) encoding a protein other 
than a vertebrate GLC1A protein as defined herein. 

“Transcriptional regulatory Sequence' is a generic term 
used throughout the Specification to refer to DNA sequences, 
Such as initiation signals, enhancers, and promoters, which 
induce or control transcription of protein coding Sequences 
with which they are operably linked. In preferred 
embodiments, transcription of one of the recombinant 
GLC1A genes is under the control of a promoter Sequence 
(or other transcriptional regulatory sequence) which controls 
the expression of the recombinant gene in a cell-type in 
which expression is intended. It will also be understood that 
the recombinant gene can be under the control of transcrip 
tional regulatory Sequences which are the Same or which are 
different from those Sequences which control transcription 
of the naturally-occurring forms of myocilin proteins. 
AS used herein, the term “transfection” means the intro 

duction of a nucleic acid, e.g., an expression vector, into a 
recipient cell by nucleic acid-mediated gene transfer. 
“Transformation', as used herein, refers to a proceSS in 
which a cell's genotype is changed as a result of the cellular 
uptake of exogenous DNA or RNA, and, for example, the 
transformed cell expresses a recombinant form of a mam 
malian myocilin polypeptide or, in the case of anti-Sense 
expression from the transferred gene, the expression of a 
naturally-occurring form of the myocilin protein is dis 
rupted. 
AS used herein, the term “transgene' means a nucleic acid 

Sequence (encoding, e.g., one of the mammalian myocilin 
polypeptides, or pending an antisense transcript thereto), 
which is partly or entirely heterologous, i.e., foreign, to the 
transgenic animal or cell into which it is introduced, or, is 
homologous to an endogenous gene of the transgenic animal 
or cell into which it is introduced, but which is designed to 
be inserted, or is inserted, into the animal's genome in Such 
a way as to alter the genome of the cell into which it is 
inserted (e.g., it is inserted at a location which differs from 
that of the natural gene or its insertion results in a knockout). 
A transgene can include one or more transcriptional regu 
latory Sequences and any other nucleic acid, Such as introns, 
that may be necessary for optimal expression of a Selected 
nucleic acid. 
A “transgenic animal' refers to any animal, preferably a 

non-human mammal, bird or an amphibian, in which one or 
more of the cells of the animal contain heterologous nucleic 
acid introduced by way of human intervention, Such as by 
transgenic techniques well known in the art. The nucleic 
acid is introduced into the cell, directly or indirectly by 
introduction into a precursor of the cell, by way of deliberate 
genetic manipulation, Such as by microinjection or by infec 
tion with a recombinant virus. The term genetic manipula 
tion does not include classical cross-breeding, or in Vitro 
fertilization, but rather is directed to the introduction of a 
recombinant DNA molecule. This molecule may be inte 
grated within a chromosome, or it may be extrachromo 
Somally replicating DNA. In the typical transgenic animals 
described herein, the transgene causes cells to express a 
recombinant form of one of the GLC1A proteins, e.g. either 
agonistic or antagonistic forms. However, transgenic ani 
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mals in which the recombinant GLC1 A gene is Silent are 
also contemplated, as for example, the FLP or CRE recom 
binase dependent constructs described below. Moreover, 
“transgenic animal' also includes those recombinant ani 
mals in which gene disruption of one or more GLC1A genes 
is caused by human intervention, including both recombi 
nation and antisense techniques. 

The term “vector” refers to a nucleic acid molecule 
capable of transporting another nucleic acid to which it has 
been linked. One type of preferred vector is an episome, i.e., 
a nucleic acid capable of extra-chromosomal replication. 
Preferred vectors are those capable of autonomous replica 
tion and/expression of nucleic acids to which they are 
linked. Vectors capable of directing the expression of genes 
to which they are operatively linked are referred to herein as 
“expression vectors'. In general, expression vectors of util 
ity in recombinant DNA techniques are often in the form of 
“plasmids” which refer generally to circular double stranded 
DNA loops which, in their vector form are not bound to the 
chromosome. In the present specification, "plasmid' and 
“vector are used interchangeably as the plasmid is the most 
commonly used form of vector. However, the invention is 
intended to include Such other forms of expression vectors 
which Serve equivalent functions and which become known 
in the art Subsequently hereto. 

4.3 Nucleic Acids of the Present Invention 

AS described below, one aspect of the invention pertains 
to isolated nucleic acids comprising nucleotide Sequences 
encoding myocilin polypeptides, and/or equivalents of Such 
nucleic acids. The term equivalent is understood to include 
nucleotide Sequences encoding functionally equivalent myo 
cilin polypeptides or functionally equivalent peptides having 
an activity of a vertebrate myocilin protein Such as described 
herein. Equivalent nucleotide Sequences will include 
Sequences that differ by one or more nucleotide 
Substitutions, additions or deletions, Such as allelic variants, 
and will, therefore, include Sequences that differ from the 
nucleotide sequence of the GLC1A gene shown in SEQ ID 
Nos: 7 or 9 due to the degeneracy of the genetic code. 

Preferred nucleic acids are vertebrate GLC1A nucleic 
acids. Particularly preferred vertebrate GLC1A nucleic acids 
are mammalian. Regardless of Species, particularly pre 
ferred GLC1A nucleic acids encode polypeptides that are at 
least 90% similar to an amino acid Sequence of human 
GLC1A. Preferred nucleic acids encode a GLC1A polypep 
tide comprising an amino acid Sequence at least 90% 
homologous and more preferably 94% homologous with an 
amino acid Sequence of a vertebrate GLC1A, e.g., Such as a 
sequence shown in one of SEQ ID Nos: 8 or 10. Nucleic 
acids which encode polypeptides at least about 95%, and 
even more preferably at least about 98-99% similarity with 
an amino acid sequence represented in SEQID Nos.: 8 or 10 
are also within the Scope of the invention. In a particularly 
preferred embodiment, the nucleic acid of the present inven 
tion encodes an amino acid GLC1A Sequence shown in one 
of SEQ ID No: 8 or 10. In one embodiment, the nucleic acid 
is a cDNA encoding a peptide having at least one bioactivity 
of the Subject GLC1A polypeptide. Preferably, the nucleic 
acid includes all or a portion of the nucleotide Sequence 
corresponding to the coding region of SEQ ID Nos: 1-7 or 
9. 

Still other preferred nucleic acids of the present invention 
encode a GLC1A polypeptide which includes a polypeptide 
Sequence corresponding to all or a portion of amino acid 
residues of SEQ ID Nos: 8 or 10, e.g., at least 2, 5, 10, 25, 
50, 100, 150 or 200 amino acid residues of that region. For 
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example, preferred nucleic acid molecules for use as probeS/ 
primer or antisense molecules (i.e. noncoding nucleic acid 
molecules) can comprise at least about 6, 12, 20,30,50, 100, 
125, 150 or 200 base pairs in length, whereas coding nucleic 
acid molecules can comprise about 200, 250, 300, 350, 400, 
410, 420, 430, 435 or 440 base pairs. 

Another aspect of the invention provides a nucleic acid 
which hybridizes to a nucleic acid represented by one of 
SEQ ID Nos: 1-7 or 9. Appropriate stringency conditions 
which promote DNA hybridization, for example, 6.0 x 
sodium chloride/sodium citrate (SSC) at about 45 C., 
followed by a wash of 2.0x SSC at 50° C., are known to 
those skilled in the art or can be found in Current Protocols 
in Molecular Biology, John Wiley & Sons, N.Y. (1989), 
6.3.1-6.3.6. For example, the salt concentration in the wash 
Step can be Selected from a low Stringency of about 2.0x 
SSC at 50° C. to a high stringency of about 0.2x SSC at 50° 
C. In addition, the temperature in the wash Step can be 
increased from low Stringency conditions at room 
temperature, about 22 C., to high Stringency conditions at 
about 65 C. Both temperature and salt may be varied, or 
either the temperature or the Salt concentration may be held 
constant while the other variable is changed. In a preferred 
embodiment, a GLC1A nucleic acid of the present invention 
will bind to one of SEQ ID Nos 1 or 2 under moderately 
Stringent conditions, for example at about 2.0x SSC and 
about 40 C. In a particularly preferred embodiment, a 
GLC1A nucleic acid of the present invention will bind to one 
of SEQ ID Nos: 1-7 or 9 under high stringency conditions. 

Preferred nucleic acids have a Sequence at least about 
75% homologous and more preferably 80% and even more 
preferably at least about 85% homologous with an amino 
acid Sequence of a mammalian GLC1A, e.g., Such as a 
sequence shown in one of SEQ ID Nos: 8 and 10. Nucleic 
acids at least about 90%, more preferably about 95%, and 
most preferably at least about 98-99% homologous with a 
nucleic sequence represented in one of SEQ ID Nos: 8 and 
10 are of course also within the scope of the invention. In 
preferred embodiments, the nucleic acid is a mammalian 
GLC1A gene and in particularly preferred embodiments, 
includes all or a portion of the nucleotide Sequence corre 
sponding to the coding region of one of SEQ ID Nos: 1-7 
or 9. 

Nucleic acids having a sequence that differs from the 
nucleotide sequences shown in one of SEQ ID Nos: 1-7 or 
9 due to degeneracy in the genetic code are also within the 
Scope of the invention. Such nucleic acids encode function 
ally equivalent peptides (i.e., a peptide having a biological 
activity of a myocilin polypeptide) but differ in Sequence 
from the Sequence shown in the Sequence listing due to 
degeneracy in the genetic code. For example, a number of 
amino acids are designated by more than one triplet. Codons 
that specify the same amino acid, or synonyms (for example, 
CAU and CAC each encode histidine) may result in “silent” 
mutations which do not affect the amino acid Sequence of a 
myocilin polypeptide. However, it is expected that DNA 
Sequence polymorphisms that do lead to changes in the 
amino acid Sequences of the Subject myocilin polypeptides 
will exist among mammalians. One skilled in the art will 
appreciate that these variations in one or more nucleotides 
(e.g., up to about 3–5% of the nucleotides) of the nucleic 
acids encoding polypeptides having an activity of a mam 
malian myocilin polypeptide may exist among individuals 
of a given Species due to natural allelic variation. 
AS indicated by the examples Set out below, myocilin 

protein-encoding nucleic acids can be obtained from mRNA 
present in any of a number of eukaryotic cells. It should also 
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be possible to obtain nucleic acids encoding mammalian 
myocilin polypeptides of the present invention from 
genomic DNA from both adults and embryos. For example, 
a gene encoding a myocilin protein can be cloned from 
either a cDNA or a genomic library in accordance with 
protocols described herein, as well as those generally known 
to perSons skilled in the art. Examples of tissues and/or 
libraries suitable for isolation of the subject nucleic acids 
include photoreceptor cells of the retina, among others. A 
cDNA encoding a myocilin protein can be obtained by 
isolating total mRNA from a cell, e.g. a vertebrate cell, a 
mammalian cell, or a human cell, including embryonic cells. 
Double stranded cDNAs can then be prepared from the total 
mRNA, and Subsequently inserted into a Suitable plasmid or 
bacteriophage vector using any one of a number of known 
techniques. The gene encoding a mammalian myocilin pro 
tein can also be cloned using established polymerase chain 
reaction techniques in accordance with the nucleotide 
Sequence information provided by the invention. The 
nucleic acid of the invention can be DNA or RNA. A 
preferred nucleic acid is a cDNA represented by a Sequence 
selected from the group consisting of SEQID Nos: 1 and 2. 

4.3.1. Vectors. 
This invention also provides expression vectors contain 

ing a nucleic acid encoding a myocilin polypeptide, oper 
ably linked to at least one transcriptional regulatory 
sequence. “Operably linked' is intended to mean that the 
nucleotide Sequence is linked to a regulatory Sequence in a 
manner which allows expression of the nucleotide Sequence. 
Regulatory Sequences are art-recognized and are Selected to 
direct expression of the Subject mammalian myocilin pro 
teins. Accordingly, the term “transcriptional regulatory 
Sequence' includes promoters, enhancers and other expres 
Sion control elements. Such regulatory Sequences are 
described in Goeddel; Gene Expression Technology. Meth 
Ods in Enzymology 185, Academic Press, San Diego, Calif. 
(1990). In one embodiment, the expression vector includes 
a recombinant gene encoding a peptide having an agonistic 
activity of a Subject myocilin polypeptide, or alternatively, 
encoding a peptide which is an antagonistic form of the 
myocilin protein. Such expression vectors can be used to 
transfect cells and thereby produce polypeptides, including 
fusion proteins, encoded by nucleic acids as described 
herein. Moreover, the gene constructs of the present inven 
tion can also be used as a part of a gene therapy protocol to 
deliver nucleic acids encoding either an agonistic or antago 
nistic form of one of the Subject myocilin proteins. Thus, 
another aspect of the invention features expression vectors 
for in Vivo or in Vitro transfection and expression of a 
myocilin polypeptide in particular cell types So as to recon 
Stitute the function of, or alternatively, abrogate the function 
of myocilin-induced Signaling in a tissue. This could be 
desirable, for example, when the naturally-occurring form of 
the protein is miseXpressed; or to deliver a form of the 
protein which alters differentiation of tissue. Expression 
vectors may also be employed to inhibit neoplastic trans 
formation. 

In addition to viral transfer methods, Such as those illus 
trated above, non-viral methods can also be employed to 
cause expression of a Subject myocilin polypeptide in the 
tissue of an animal. Most nonviral methods of gene transfer 
rely on normal mechanisms used by mammalian cells for the 
uptake and intracellular transport of macromolecules. In 
preferred embodiments, non-viral targeting means of the 
present invention rely on endocytic pathways for the uptake 
of the Subject myocilin polypeptide gene by the targeted cell. 
Exemplary targeting means of this type include liposomal 
derived Systems, poly-lysine conjugates, and artificial viral 
envelopes. 
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4.3.2. Probes and Primers 
Moreover, the nucleotide Sequences determined from the 

cloning of GLC1A genes from mammalian organisms will 
further allow for the generation of probes and primers 
designed for use in identifying and/or cloning homologs in 
other cell types, e.g. from other tissues, as well as homologs 
from other mammalian organisms. For instance, the present 
invention also provides a probe/primer comprising a Sub 
Stantially purified oligonucleotide, which oligonucleotide 
comprises a region of nucleotide Sequence that hybridizes 
under Stringent conditions to at least approximately 12, 
preferably 25, more preferably 40, 50 or 75 consecutive 
nucleotides of Sense or anti-Sense Sequence Selected from 
the group consisting of SEQ ID Nos: 1-7 or 9, or naturally 
occurring mutants thereof. For instance, primers based on 
the nucleic acid represented in SEQID Nos: 1-7 or 9 can be 
used in PCR reactions to clone homologs. Preferred primer 
pairs of the invention are set forth as SEQ ID Nos. 12 and 
13; 14 and 15; 16 and 17; 18 and 19; 20 and 21; 22 and 23; 
24 and 25; 26 and 27; 28 and 29; 30 and 31; 32 and 33: 34 
and 35; 36 and 37:38 and 39; 40 and 41; 42 and 43; 44 and 
45; and 46 and 47. 

Likewise, probes based on the Subject GLC1A Sequences 
can be used to detect transcripts or genomic Sequences 
encoding the same or homologous proteins. In preferred 
embodiments, the probe further comprises a label group 
attached thereto and able to be detected, e.g. the label group 
can be selected from amongst radioisotopes, fluorescent 
compounds, enzymes, and enzyme co-factors, etc. 
AS discussed in more detail below, Such probes can also 

be used as a part of a diagnostic test kit for identifying cells 
or tissue which misexpress a myocilin protein, Such as by 
measuring a level of a myocilin-encoding nucleic acid in a 
Sample of cells from a patient; e.g. detecting GLC1A mRNA 
levels or determining whether a genomic GLC1A gene has 
been mutated or deleted. Briefly, nucleotide probes can be 
generated from the Subject GLC1A genes which facilitate 
histological Screening of intact tissue and tissue Samples for 
the presence (or absence) of myocilin-encoding transcripts. 
Similar to the diagnostic uses of anti-myocilin antibodies, 
the use of probes directed to GLC1A messages, or to 
genomic GLC1A Sequences, can be used for both predictive 
and therapeutic evaluation of Subjects. Used in conjunction 
with immunoassays as described herein, the oligonucleotide 
probes can help facilitate the determination of the molecular 
basis for a developmental disorder which may involve some 
abnormality associated with expression (or lack thereof) of 
a myocilin protein. For instance, variation in polypeptide 
Synthesis can be differentiated from a mutation in a coding 
Sequence. 

4.3.3. Antisense, Ribozyme and Triplex Techniques 
One aspect of the invention relates to the use of the 

isolated nucleic acid in “antisense' therapy. AS used herein, 
“antisense' therapy refers to administration or in Situ gen 
eration of oligonucleotide molecules or their derivatives 
which specifically hybridize (e.g. bind) under cellular 
conditions, with the cellular mRNA and/or genomic DNA 
encoding one or more of the Subject GLC1A proteins So as 
to inhibit expression of that protein, e.g. by inhibiting 
transcription and/or translation. The binding may be by 
conventional base pair complementarity, or, for example, in 
the case of binding to DNA duplexes, through specific 
interactions in the major groove of the double helix. In 
general, "antisense' therapy refers to the range of techniques 
generally employed in the art, and includes any therapy 
which relies on Specific binding to oligonucleotide 
Sequences. 



US 6,956,103 B2 
19 

An antisense construct of the present invention can be 
delivered, for example, as an expression plasmid which, 
when transcribed in the cell, produces RNA which is 
complementary to at least a unique portion of the cellular 
mRNA which encodes a myocilin protein. Alternatively, the 
antisense construct is an oligonucleotide probe which is 
generated eX Vivo and which, when introduced into the cell 
causes inhibition of expression by hybridizing with the 
mRNA and/or genomic Sequences of a GLC1A gene. Such 
oligonucleotide probes are preferably modified oligonucle 
otides which are resistant to endogenous nucleases, e.g. 
exonucleases and/or endonucleases, and are therefore stable 
in Vivo. Exemplary nucleic acid molecules for use as anti 
Sense oligonucleotides are phosphoramidate, phosphothio 
ate and methylphosphonate analogs of DNA (See also U.S. 
Pat. Nos. 5,176,996; 5,264,564; and 5,256,775). 
Additionally, general approaches to constructing oligomers 
useful in antisense therapy have been reviewed, for example, 
by Van der Krolet al. (1988) Biotechniques 6:958-976; and 
Stein et al. (1988) Cancer Res 48:2659-2668. With respect 
to antisense DNA, oligodeoxyribonucleotides derived from 
the translation initiation Site, e.g., between the -10 and +10 
regions of the GLC1A nucleotide Sequence of interest, are 
preferred. 

AntiSense approaches involve the design of oligonucle 
otides (either DNA or RNA) that are complementary to 
GLC1A mRNA. The antisense oligonucleotides will bind to 
the GLC1A mRNA transcripts and prevent translation. 
Absolute complementarity, although preferred, is not 
required. A sequence “complementary' to a portion of an 
RNA, as referred to herein, means a Sequence having 
sufficient complementarity to be able to hybridize with the 
RNA, forming a stable duplex; in the case of double 
Stranded antisense nucleic acids, a single Strand of the 
duplex DNA may thus be tested, or triplex formation may be 
assayed. The ability to hybridize will depend on both the 
degree of complementarity and the length of the antisense 
nucleic acid. Generally, the longer the hybridizing nucleic 
acid, the more base mismatches with an RNA it may contain 
and still form a stable duplex (or triplex, as the case may be). 
One skilled in the art can ascertain a tolerable degree of 
mismatch by use of Standard procedures to determine the 
melting point of the hybridized complex. 

Oligonucleotides that are complementary to the 5' end of 
the message, e.g., the 5' untranslated Sequence up to and 
including the AUG initiation codon, should work most 
efficiently at inhibiting translation. However, Sequences 
complementary to the 3' untranslated Sequences of mRNAS 
have recently been shown to be effective at inhibiting 
translation of mRNAS as well. (Wagner, R. 1994. Nature 
372:333). Therefore, oligonucleotides complementary to 
either the 5' or 3' untranslated, non-coding regions of a 
GLC1A gene could be used in an antisense approach to 
inhibit translation of endogenous GLC1A mRNA. Oligo 
nucleotides complementary to the 5' untranslated region of 
the mRNA should include the complement of the AUG start 
codon. AntiSense oligonucleotides complementary to 
mRNA coding regions are less efficient inhibitors of trans 
lation but could be used in accordance with the invention. 
Whether designed to hybridize to the 5', 3' or coding region 
of GLC1A mRNA, antisense nucleic acids should be at least 
Six nucleotides in length, and are preferably oligonucle 
otides ranging from 6 to about 50 nucleotides in length. In 
certain embodiments, the oligonucleotide is at least 10 
nucleotides, at least 17 nucleotides, at least 25 nucleotides, 
or at least 50 nucleotides. 

Regardless of the choice of target Sequence, it is preferred 
that in vitro Studies are first performed to quantitate the 
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ability of the antisense oligonucleotide to quantitate the 
ability of the antisense oligonucleotide to inhibit gene 
expression. It is preferred that these Studies utilize controls 
that distinguish between antisense gene inhibition and non 
Specific biological effects of oligonucleotides. It is also 
preferred that these studies compare levels of the target RNA 
or protein with that of an internal control RNA or protein. 
Additionally, it is envisioned that results obtained using the 
antisense oligonucleotide are compared with those obtained 
using a control oligonucleotide. It is preferred that the 
control oligonucleotide is of approximately the same length 
as the test oligonucleotide and that the nucleotide Sequence 
of the oligonucleotide differs from the antisense Sequence no 
more than is necessary to prevent Specific hybridization to 
the target Sequence. 
The oligonucleotides can be DNA or RNA or chimeric 

mixtures or derivatives or modified versions thereof, Single 
Stranded or double-Stranded. The oligonucleotide can be 
modified at the base moiety, Sugar moiety, or phosphate 
backbone, for example, to improve Stability of the molecule, 
hybridization, etc. The oligonucleotide may include other 
appended groups. Such as peptides (e.g., for targeting host 
cell receptors in vivo), or agents facilitating transport across 
the cell membrane (see, e.g., Letsinger et al., 1989, Proc. 
Natl. Acad. Sci. U.S.A. 86:6553–6556; Lemaitre et al., 1987, 
Proc. Natl. AcadSci. 84:648-652; PCT Publication No. WO 
88/09810, published Dec. 15, 1988) or the blood-brain 
barrier (see, e.g., PCT Publication No. WO 89/10134, pub 
lished Apr. 25, 1988), hybridization-triggered cleavage 
agents. (See, e.g., Krol et al., 1988, BioTechniques 
6:958-976) or intercalating agents. (See, e.g., Zon, 1988, 
Pharm. Res. 5:539-549). To this end, the oligonucleotide 
may be conjugated to another molecule, e.g., a peptide, 
hybridization triggered cross-linking agent, transport agent, 
hybridization-triggered cleavage agent, etc. 
The antisense oligonucleotide may comprise at least one 

modified base moiety which is Selected from the group 
including but not limited to 5-fluorouracil, 5-bromouracil, 
5-chlorouracil, 5-iodouracil, hypoxanthine, Xantine, 
4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 
5- carboxymethylamino methyl-2-thiou ridine, 
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D- 
galactosylqueosine, inosine, N6-isopentenyladenine, 
1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
5-methylcytosine, N6-ade nine, 7-methylguanine, 
5-methylaminomethyluracil, 5-methoxyaminomethyl-2- 
thiour a cil, be ta-D-man no Syl qu e o Sine, 
5'-methoxycarboxymethyluracil, 5-methoxyuracil, 
2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic 
acid (v), Wybutoxosine, pseudou racil, queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid 
methylester, uracil-5-oxyacetic acid (V), 5-methyl-2- 
thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3) 
W, and 2,6-diaminopurine. 
The antisense oligonucleotide may also comprise at least 

one modified Sugar moiety Selected from the group includ 
ing but not limited to arabinose, 2-fluoroarabinose, Xylulose, 
and hexose. 

In yet another embodiment, the antisense oligonucleotide 
comprises at least one modified phosphate backbone 
Selected from the group consisting of a phosphorothioate, a 
phosphorodithioate, a phosphoramidothioate, a 
phosphor a midate, a phosphor diamidate, a 
methylphosphonate, an alkyl phosphotriester, and a formac 
etal or analog thereof. 
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In yet another embodiment, the antisense oligonucleotide 
is an O-anomeric oligonucleotide. An O-anomeric oligo 
nucleotide forms specific double-stranded hybrids with 
complementary RNA in which, contrary to the usual 
conformation, the Strands run parallel to each other (Gautier 
et al., 1987, Nucl. Acids Res. 15:6625–6641). The oligo 
nucleotide is a 2-0-methylribonucleotide (Inoue et al., 1987, 
Nucl. Acids Res. 15:6131-6148), or a chimeric RNA-DNA 
analogue (Inoue et al., 1987, FEBS Lett. 215:327–330). 

Oligonucleotides of the invention may be synthesized by 
Standard methods known in the art, e.g. by use of an 
automated DNA synthesizer (Such as are commercially 
available from BioSearch, Applied BioSystems, etc.). AS 
examples, phosphorothioate oligonucleotides may be Syn 
thesized by the method of Stein et al. (1988, Nucl. Acids Res. 
16:3209), methylphosphonate oligonucleotides can be pre 
pared by use of controlled pore glass polymer Supports 
(Sarin et al., 1988, Proc. Natl. Acad. Sci. U.S.A. 
85:7448-7451), etc. 
While antisense nucleotides complementary to the 

GLC1A coding region Sequence could be used, those 
complementary to the transcribed untranslated region are 
most preferred. 

The antisense molecules should be delivered to cells 
which express the myocilin in vivo. A number of methods 
have been developed for delivering antisense DNA or RNA 
to cells, e.g., antisense molecules can be injected directly 
into the tissue site, or modified antisense molecules, 
designed to target the desired cells (e.g., antisense linked to 
peptides or antibodies that Specifically bind receptorS or 
antigens expressed on the target cell Surface) can be admin 
istered systematically. 

However, it is often difficult to achieve intracellular 
concentrations of the antisense Sufficient to Suppress trans 
lation of endogenous mRNAs. Therefore a preferred 
approach utilizes a recombinant DNA construct in which the 
antisense oligonucleotide is placed under the control of a 
Strong pol III or pol II promoter. The use of Such a construct 
to transfect target cells in the patient will result in the 
transcription of Sufficient amounts of Single Stranded RNAS 
that will form complementary base pairs with the endog 
enous GLC1A transcripts and thereby prevent translation of 
the GLC1A mRNA. For example, a vector can be introduced 
in Vivo Such that it is taken up by a cell and directs the 
transcription of an antisense RNA. Such a vector can remain 
episomal or become chromosomally integrated, as long as it 
can be transcribed to produce the desired antisense RNA. 
Such vectors can be constructed by recombinant DNA 
technology methods Standard in the art. Vectors can be 
plasmid, Viral, or others known in the art, used for replica 
tion and expression in mammalian cells. Expression of the 
Sequence encoding the antisense RNA can be by any pro 
moter known in the art to act in mammalian, preferably 
human cells. Such promoters can be inducible or constitu 
tive. Such promoters include but are not limited to: the SV40 
early promoter region (Bernoist and Chambon, 1981, Nature 
290:304-310), the promoter contained in the 3' long termi 
nal repeat of Rous sarcoma virus (Yamamoto et al., 1980, 
Cell 22:787-797), the herpes thymidine kinase promoter 
(Wagner et al., 1981, Proc. Natl. Acad Sci. U.S.A. 
78:1441–1445), the regulatory sequences of the metallothio 
nein gene (Brinster et al., 1982, Nature 296:39–42), etc. Any 
type of plasmid, coSmid, YAC or viral vector can be used to 
prepare the recombinant DNA construct which can be intro 
duced directly into the tissue site, e.g., the choroid plexus or 
hypothalamus. Alternatively, Viral vectors can be used which 
Selectively infect the desired tissue; (e.g., for brain, herpes 
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virus vectors may be used), in which case administration 
may be accomplished by another route (e.g., Systematically). 
Ribozyme molecules designed to catalytically cleave 

GLC1A mRNA transcripts can also be used to prevent 
translation of GLC1A mRNA and expression of myocilin. 
(See, e.g., PCT International Publication WO 90/11364, 
published Oct. 4, 1990; Sarver et al., 1990, Science 
247: 1222–1225). While ribozymes that cleave mRNA at site 
Specific recognition Sequences can be used to destroy 
GLC1A mRNAs, the use of hammerhead ribozymes is 
preferred. Hammerhead ribozymes cleave mRNAS at loca 
tions dictated by flanking regions that form complementary 
base pairs with the target mRNA. The sole requirement is 
that the target mRNA have the following sequence of two 
bases: 5'-UG-3". The construction and production of ham 
merhead ribozymes is well known in the art and is described 
more fully in Haseloff and Gerlach, 1988, Nature, 
334:585-591. There are hundreds of potential hammerhead 
ribozyme cleavage Sites within the nucleotide Sequence of 
human GLC1A cDNA. Preferably the ribozyme is engi 
neered So that the cleavage recognition site is located near 
the 5' end of the GLC1A mRNA; i.e., to increase efficiency 
and minimize the intracellular accumulation of non 
functional mRNA transcripts. 
The ribozymes of the present invention also include RNA 

endoribonucleases (hereinafter “Cech-type ribozymes”) 
Such as the one which occurs naturally in Tetrahymena 
Thermophila (known as the IVS, or L-19 IVS RNA) and 
which has been extensively described by Thomas Cech and 
collaborators (Zaug, et al., 1984, Science, 224:574-578; 
Zaug and Cech, 1986, Science, 231:470-475; Zaug, et al., 
1986, Nature, 324:429–433; published International patent 
application No. WO 88/04300 by University Patents Inc.; 
Been and Cech, 1986, Cell, 47:207-216). The Cech-type 
ribozymes have an eight base pair active site which hybrid 
izes to a target RNA sequence whereafter cleavage of the 
target RNA takes place. The invention encompasses those 
Cech-type ribozymes which target eight base-pair active Site 
Sequences that are present in GLC1A. 
AS in the antisense approach, the ribozymes can be 

composed of modified oligonucleotides (e.g., for improved 
Stability, targeting, etc.) and should be delivered to cells 
which express the GLC1A in Vivo e.g., hypothalamus and/or 
the choroid plexus. A preferred method of delivery involves 
using a DNA construct “encoding” the ribozyme under the 
control of a Strong constitutive pol III or pol II promoter, So 
that transfected cells will produce Sufficient quantities of the 
ribozyme to destroy endogenous GLC1A messages and 
inhibit translation. Because ribozymes unlike antisense 
molecules, are catalytic, a lower intracellular concentration 
is required for efficiency. 

Endogenous GLC1A gene expression can also be reduced 
by inactivating or "knocking out the GLC1A gene or its 
promoter using targeted homologous recombination. (E.g., 
See Smithies et al., 1985, Nature 317:230–234; Thomas & 
Capecchi, 1987, Cell 51:503–512; Thompson et al., 1989 
Cell 5:313–321; each of which is incorporated by reference 
herein in its entirety). For example, a mutant, non-functional 
GLC1A (or a completely unrelated DNA sequence) flanked 
by DNA homologous to the endogenous GLC1A gene 
(either the coding regions or regulatory regions of the 
GLC1A gene) can be used, with or without a selectable 
marker and/or a negative Selectable marker, to transfect cells 
that express GLC1A in vivo. Insertion of the DNA construct, 
via targeted homologous recombination, results in inactiva 
tion of the GLC1A gene. Such approaches are particularly 
Suited in the agricultural field where modifications to ES 
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(embryonic stem) cells can be used to generate animal 
offspring with an inactive GLC1A (e.g., see Thomas & 
Capecchi 1987 and Thompson 1989, Supra). However this 
approach can be adapted for use in humans provided the 
recombinant DNA constructs are directly administered or 
targeted to the required site in Vivo using appropriate viral 
vectors, e.g., herpes virus vectors for delivery to brain tissue; 
e.g., the hypothalamus and/or choroid plexus. 

Alternatively, endogenous GLC1A gene expression can 
be reduced by targeting deoxyribonucleotide Sequences 
complementary to the regulatory region of the GLC1A gene 
(i.e., the GLC1A promoter and/or enhancers) to form triple 
helical structures that prevent transcription of the GLC1A 
gene in target cells in the body. (See generally, Helene, C. 
1991, Anticancer Drug Des, 6(6):569-84; Helene, C., et al., 
1992, Ann, N.Y. Acad. Sci., 660:27–36; and Maher, L. J., 
1992, Bioassays 14(12):807–15). 

Likewise, the antisense constructs of the present 
invention, by antagonizing the normal biological activity of 
one of the myocilin proteins, can be used in the manipulation 
of tissue, e.g. tissue differentiation, both in Vivo and for eX 
Vivo tissue cultures. 

Furthermore, the anti-Sense techniques (e.g. microinjec 
tion of antisense molecules, or transfection with plasmids 
whose transcripts are antisense with regard to a GLC1A 
mRNA or gene sequence) can be used to investigate role of 
myocilin in developmental events, as well as the normal 
cellular function of myocilin in adult tissue. Such techniques 
can be utilized in cell culture, but can also be used in the 
creation of transgenic animals, as detailed below. 

Ribozymes are enzymatic RNA molecules capable of 
catalyzing the Specific cleavage of RNA. The mechanism of 
ribozyme action involves Sequence Specific hybridization of 
the ribozyme molecule to complementary target RNA, fol 
lowed by an endonucleolytic cleavage. The composition of 
ribozyme molecules must include one or more Sequences 
complementary to the target gene mRNA, and must include 
the well known catalytic sequence responsible for mRNA 
cleavage. For this sequence, see U.S. Pat. No. 5,093,246, 
which is incorporated by reference herein in its entirety. AS 
Such within the Scope of the invention are engineered 
hammerhead motif ribozyme molecules that Specifically and 
efficiently catalyze endonucleolytic cleavage of RNA 
Sequences encoding myocilin proteins. 

Specific ribozyme cleavage Sites within any potential 
RNA target are initially identified by Scanning the molecule 
of interest for ribozyme cleavage Sites which include the 
following sequences, GUA, GUU and GUC. Once 
identified, short RNA sequences of between 15 and 20 
ribonucleotides corresponding to the region of the target 
gene containing the cleavage Site may be evaluated for 
predicted Structural features, Such as Secondary Structure, 
that may render the oligonucleotide Sequence unsuitable. 
The Suitability of candidate Sequences may also be evaluated 
by testing their accessibility to hybridization with comple 
mentary oligonucleotides, using ribonuclease protection 
asSayS. 

Nucleic acid molecules to be used in triple helix forma 
tion for the inhibition of transcription are preferably Single 
Stranded and composed of deoxyribonucleotides. The base 
composition of these oligonucleotides should promote triple 
helix formation via Hoogsteen base pairing rules, which 
generally require sizable Stretches of either purines or pyri 
midines to be present on one Strand of a duplex. Nucleotide 
Sequences may be pyrimidine-based, which will result in 
TAT and CGC triplets across the three associated strands of 
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the resulting triple helix. The pyrimidine-rich molecules 
provide base complementarity to a purine-rich region of a 
Single Strand of the duplex in a parallel orientation to that 
Strand. In addition, nucleic acid molecules may be chosen 
that are purine-rich, for example, containing a stretch of G 
residues. These molecules will form a triple helix with a 
DNA duplex that is rich in GC pairs, in which the majority 
of the purine residues are located on a Single Strand of the 
targeted duplex, resulting in CGC triplets acroSS the three 
Strands in the triplex. 

Alternatively, the potential Sequences that can be targeted 
for triple helix formation may be increased by creating a So 
called “Switchback nucleic acid molecule. Switchback mol 
ecules are Synthesized in an alternating 5'-3', 3'-5' manner, 
Such that they base pair with first one Strand of a dupleX and 
then the other, eliminating the necessity for a sizable Stretch 
of either purines or pyrimidines to be present on one Strand 
of a duplex. 

Antisense RNA and DNA, ribozyme, and triple helix 
molecules of the invention may be prepared by any method 
known in the art for the synthesis of DNA and RNA 
molecules. These include techniques for chemically Synthe 
sizing oligodeoxyribonucleotides and oligoribonucleotides 
well known in the art Such as for example Solid phase 
phosphoramidite chemical synthesis. Alternatively, RNA 
molecules may be generated by in vitro and in Vivo tran 
Scription of DNA sequences encoding the antisense RNA 
molecule. Such DNA sequences may be incorporated into a 
wide variety of vectors which incorporate suitable RNA 
polymerase promoters such as the T7 or SP6 polymerase 
promoters. Alternatively, antisense cDNA constructs that 
synthesize antisense RNA constitutively or inducibly, 
depending on the promoter used, can be introduced Stably 
into cell lines. 

Moreover, various well-known modifications to nucleic 
acid molecules may be introduced as a means of increasing 
intracellular stability and half-life. Possible modifications 
include but are not limited to the addition of flanking 
Sequences of ribonucleotides or deoxyribonucleotides to the 
5' and/or 3' ends of the molecule or the use of phospho 
rothioate or 2 O-methyl rather than phosphodiesterase link 
ages within the oligodeoxyribonucleotide backbone. 

4.4. Polypeptides of the Present Invention 
The present invention also makes available myocilin 

polypeptides, which are isolated from, or otherwise Substan 
tially free of other cellular proteins, especially other Signal 
transduction factors and/or transcription factors which may 
normally be associated with the myocilin polypeptide. The 
term “substantially free of other cellular proteins” (also 
referred to herein as “contaminating proteins”) or “substan 
tially pure or purified preparations are defined as encom 
passing preparations of myocilin polypeptides having leSS 
than about 20% (by dry weight) contaminating protein, and 
preferably having less than about 5% contaminating protein. 
Functional forms of the Subject polypeptides can be 
prepared, for the first time, as purified preparations by using 
a cloned gene as described herein. By “purified', it is meant, 
when referring to a peptide or DNA or RNA sequence, that 
the indicated molecule is present in the Substantial absence 
of other biological macromolecules, Such as other proteins. 
The term “purified” as used herein preferably means at least 
80% by dry weight, more preferably in the range of 95-99% 
by weight, and most preferably at least 99.8% by weight, of 
biological macromolecules of the same type present (but 
water, buffers, and other Small molecules, especially mol 
ecules having a molecular weight of less than 5000, can be 
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present). The term “pure” as used herein preferably has the 
Same numerical limits as “purified’ immediately above. 
“Isolated” and “purified” do not encompass either natural 
materials in their native State or natural materials that have 
been Separated into components (e.g., in an acrylamide gel) 
but not obtained either as pure (e.g. lacking contaminating 
proteins, or chromatography reagents Such as denaturing 
agents and polymers, e.g. acrylamide or agarose) Substances 
or solutions. In preferred embodiments, purified GLC1A 
preparations will lack any contaminating proteins from the 
Same animal from which myocilin is normally produced, as 
can be accomplished by recombinant expression of, for 
example, a human myocilin protein in a non-human cell. 

Full length proteins or fragments corresponding to one or 
more particular motifs and/or domains or to arbitrary sizes, 
for example, at least 5, 10, 25, 50, 75, 100, 125, 150 amino 
acids in length are within the Scope of the present invention. 

For example, isolated myocilin polypeptides can include 
all or a portion of an amino acid Sequences corresponding to 
a myocilin polypeptide represented in SEQ ID Nos: 8 or 10. 
Isolated peptidyl portions of myocilin proteins can be 
obtained by Screening peptides recombinantly produced 
from the corresponding fragment of the nucleic acid encod 
ing Such peptides. In addition, fragments can be chemically 
Synthesized using techniques known in the art Such as 
conventional Merrifield solid phase f-Moc or t-Boc chem 
istry. For example, a myocilin polypeptide of the present 
invention may be arbitrarily divided into fragments of 
desired length with no overlap of the fragments, or prefer 
ably divided into overlapping fragments of a desired length. 
The fragments can be produced (recombinantly or by chemi 
cal Synthesis) and tested to identify those peptidyl fragments 
which can function as either agonists or antagonists of a 
wild-type (e.g., “authentic') myocilin protein. 

Another aspect of the present invention concerns recom 
binant forms of the myocilin proteins. Recombinant 
polypeptides preferred by the present invention, in addition 
to native myocilin proteins, are at least 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, or 99% homologous with an 
amino acid sequence represented by SEQ ID Nos: 8 or 10. 
In a preferred embodiment, a myocilin protein of the present 
invention is a myocilin protein. In a particularly preferred 
embodiment, a myocilin protein comprises the coding 
sequence of one of SEQ ID No. 1-7, or 9. In particularly 
preferred embodiments, a myocilin protein has a myocilin 
bioactivity. 

The present invention further pertains to recombinant 
forms of one of the Subject myocilin polypeptides which are 
encoded by genes derived from a mammalian organism, and 
which have amino acid Sequences evolutionarily related to 
the myocilin proteins represented in SEQ ID Nos: 8 or 10. 
Such recombinant myocilin polypeptides preferably are 
capable of functioning in one of either role of an agonist or 
antagonist of at least one biological activity of a wild-type 
(“authentic) myocilin protein of the appended sequence 
listing. The term “evolutionarily related to’, with respect to 
amino acid Sequences of myocilin proteins, refers to both 
polypeptides having amino acid Sequences which have 
arisen naturally, and also to mutational variants of myocilin 
polypeptides which are derived, for example, by combina 
torial mutagenesis. Such evolutionarily derived myocilin 
polypeptides preferred by the present invention have a 
myocilin bioactivity and are at least 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98% or 99% homologous with the amino 
acid Sequence Selected from the group consisting of SEQ ID 
NOS: 8 or 10. 

In general, polypeptides referred to herein as having an 
activity of a myocilin protein (e.g., are “bioactive') are 
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defined as polypeptides which include an amino acid 
Sequence corresponding (e.g., identical or homologous) to 
all or a portion of the amino acid Sequences of a myocilin 
protein shown in SEQ ID Nos: 8 or 10 and which mimic or 
antagonize all or a portion of the biological/biochemical 
activities of a naturally occurring myocilin protein. Accord 
ing to the present invention, a polypeptide has biological 
activity if it is a Specific agonist or antagonist of a naturally 
occurring form of a myocilin protein. 
The present invention further pertains to methods of 

producing the Subject myocilin polypeptides. For example, 
a host cell transfected with a nucleic acid vector directing 
expression of a nucleotide Sequence encoding the Subject 
polypeptides can be cultured under appropriate conditions to 
allow expression of the peptide to occur. The cells may be 
harvested, lysed and the protein isolated. A cell culture 
includes host cells, media and other byproducts. Suitable 
media for cell culture are well known in the art. The 
recombinant myocilin polypeptide can be isolated from cell 
culture medium, host cells, or both using techniques known 
in the art for purifying proteins including ion-exchange 
chromatography, gel filtration chromatography, 
ultrafiltration, electrophoresis, and immunoaffinity purifica 
tion with antibodies Specific for Such peptide. In a preferred 
embodiment, the recombinant myocilin polypeptide is a 
fusion protein containing a domain which facilitates its 
purification, such as GST fusion protein or poly(His) fusion 
protein. 

Moreover, it will be generally appreciated that, under 
certain circumstances, it may be advantageous to provide 
homologs of one of the Subject myocilin polypeptides which 
function in a limited capacity as one of either a myocilin 
agonist (mimetic) or a myocilin antagonist, in order to 
promote or inhibit only a Subset of the biological activities 
of the naturally-occurring form of the protein. Thus, Specific 
biological effects can be elicited by treatment with a 
homolog of limited function, and with fewer side effects 
relative to treatment with agonists or antagonists which are 
directed to all of the biological activities of naturally occur 
ring forms of myocilin proteins. 
Homologs of each of the Subject myocilin proteins can be 

generated by mutagenesis, Such as by discrete point 
mutation(s), or by truncation. For instance, mutation can 
give rise to homologs which retain Substantially the Same, or 
merely a Subset, of the biological activity of the myocilin 
polypeptide from which it was derived. Alternatively, 
antagonistic forms of the protein can be generated which are 
able to inhibit the function of the naturally occurring form of 
the protein, Such as by competitively binding to a down 
Stream or upstream member of the biochemical pathway, 
which includes the myocilin protein. In addition, agonistic 
forms of the protein may be generated which are constitu 
tively active. Thus, the human myocilin protein and 
homologs thereof provided by the subject invention may be 
either positive or negative regulators of gene expression. 
The recombinant myocilin polypeptides of the present 

invention also include homologs of the authentic myocilin 
proteins, Such as versions of those protein which are resis 
tant to proteolytic cleavage, as for example, due to mutations 
which alter ubiquitination or other enzymatic targeting asso 
ciated with the protein. 

Myocilin polypeptides may also be chemically modified 
to create derivatives by forming covalent or aggregate 
conjugates with other chemical moieties, Such as glycosyl 
groups, lipids, phosphate, acetyl groups and the like. Cova 
lent derivatives of myocilin proteins can be prepared by 
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lining the chemical moieties to functional groups on amino 
acid Sidechains of the protein or at the N-terminus or at the 
C-terminus of the polypeptide. 

Modification of the structure of the Subject myocilin 
polypeptides can be for Such purposes as enhancing thera 
peutic or prophylactic efficacy, Stability (e.g., ex vivo shelf 
life and resistance to proteolytic degradation in vivo), or 
post-translational modifications (e.g., to alter phosphoryla 
tion pattern of protein). Such modified peptides, when 
designed to retain at least one activity of the naturally 
occurring form of the protein, or to produce Specific antago 
nists thereof, are considered functional equivalents of the 
myocilin polypeptides described in more detail herein. Such 
modified peptides can be produced, for instance, by amino 
acid Substitution, deletion, or addition. 

For example, it is reasonable to expect that an isolated 
replacement of a leucine with an isoleucine or Valine, an 
aspartate with a glutamate, a threonine with a Serine, or a 
Similar replacement of an amino acid with a structurally 
related amino acid (i.e. isosteric and/or isoelectric 
mutations) will not have a major effect on the biological 
activity of the resulting molecule. Conservative replace 
ments are those that take place within a family of amino 
acids that are related in their side chains. Genetically 
encoded amino acids are can be divided into four families: 
(1) acidic=aspartate, glutamate; (2) basic=lysine, arginine, 
histidine; (3) nonpolar=alanine, Valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan; and (4) 
uncharged polar=glycine, asparagine, glutamine, cysteine, 
Serine, threonine, tyrosine. In Similar fashion, the amino acid 
repertoire can be grouped as (1) acidic=aspartate, glutamate; 
(2) basic=lysine, arginine histidine, (3) aliphatic=glycine, 
alanine, Valine, leucine, isoleucine, Serine, threonine, with 
Serine and threonine optionally be grouped separately as 
aliphatic-hydroxyl; (4) aromatic=phenylalanine, tyrosine, 
tryptophan; (5) amide=asparagine, glutamine; and (6) 
Sulfur-containing=cysteine and methionine. (see, for 
example, Biochemisty, 2nd ed., Ed. by L. Stryer, WH Free 
man and Co.: 1981). Whether a change in the amino acid 
Sequence of a peptide results in a functional myocilin 
homolog (e.g. functional in the Sense that the resulting 
polypeptide mimics or antagonizes the wild-type form) can 
be readily determined by assessing the ability of the variant 
peptide to produce a response in cells in a fashion Similar to 
the wild-type protein, or competitively inhibit Such a 
response. Polypeptides in which more than one replacement 
has taken place can readily be tested in the same manner. 

This invention further contemplates a method for gener 
ating Sets of combinatorial mutants of the Subject myocilin 
proteins as well as truncation mutants, and is especially 
useful for identifying potential variant Sequences (e.g. 
homologs) that are functional in modulating gene expres 
Sion. The purpose of Screening Such combinatorial libraries 
is to generate, for example, novel myocilin homologs which 
can act as either agonists or antagonist, or alternatively, 
possess novel activities all together. 

Likewise, myocilin homologs can be generated by the 
present combinatorial approach to Selectively inhibit gene 
expression. For instance, mutagenesis can provide myocilin 
homologs which are able to bind other Signal pathway 
proteins (or DNA) yet prevent propagation of the Signal, e.g. 
the homologs can be dominant negative mutants. Moreover, 
manipulation of certain domains of myocilin by the present 
method can provide domains more Suitable for use in fusion 
proteins. 

In one embodiment, the variegated library of variants is 
generated by combinatorial mutagenesis at the nucleic acid 
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level, and is encoded by a variegated gene library. For 
instance, a mixture of Synthetic oligonucleotides can be 
enzymatically ligated into gene Sequences Such that the 
degenerate Set of potential GLC1A Sequences are express 
ible as individual polypeptides, or alternatively, as a set of 
larger fusion proteins (e.g. for phage display) containing the 
Set of GLC1A Sequences therein. 

There are many ways by which such libraries of potential 
myocilin homologs can be generated from a degenerate 
oligonucleotide Sequence. Chemical Synthesis of a degen 
erate gene Sequence can be carried out in an automatic DNA 
Synthesizer, and the Synthetic genes then ligated into an 
appropriate expression vector. The purpose of a degenerate 
Set of genes is to provide, in one mixture, all of the 
Sequences encoding the desired set of potential myocilin 
Sequences. The Synthesis of degenerate oligonucleotides is 
well known in the art (see for example, Narang, SA (1983) 
Tetrahedron 39:3; Itakura et al. (1981) Recombinant DNA, 
Proc 3rd Cleveland Sympos. Macromolecules, ed. A G 
Walton, Amsterdam: Elsevier ppg. 273–289; Itakura et al. 
(1984) Annu. Rev. Biochem, 53:323; Itakura et al. (1984) 
Science 198: 1056; Ike et al. (1983) Nucleic Acid Res. 
11:477. Such techniques have been employed in the directed 
evolution of other proteins (see, for example, Scott et al. 
(1990) Science 249:386–390; Roberts et al. (1992) PNAS 
89:2429–2433; Devlin et al. (1990) Science 249: 404–406; 
Cwirla et al. (1990) PNAS 87: 6378–6382; as well as U.S. 
Pat. Nos. 5,223,409, 5,198,346, and 5,096,815). 

Likewise, a library of coding Sequence fragments can be 
provided for a GLC1A clone in order to generate a varie 
gated population of myocilin fragments for Screening and 
Subsequent selection of bioactive fragments. A variety of 
techniques are known in the art for generating Such libraries, 
including chemical Synthesis. In one embodiment, a library 
of coding sequence fragments can be generated by (i) 
treating a double stranded PCR fragment of a GLC1A 
coding Sequence with a nuclease under conditions wherein 
nicking occurs only about once per molecule; (ii) denaturing 
the double stranded DNA; (iii) renaturing the DNA to form 
double stranded DNA which can include sense/antisense 
pairs from different nicked products; (iv) removing single 
stranded portions from reformed duplexes by treatment with 
S1 nuclease; and (v) ligating the resulting fragment library 
into an expression vector. By this exemplary method, an 
expression library can be derived which codes for 
N-terminal, C-terminal and internal fragments of various 
SZCS. 

A wide range of techniques are known in the art for 
Screening gene products of combinatorial libraries made by 
point mutations or truncation, and for Screening cDNA 
libraries for gene products having a certain property. Such 
techniques will be generally adaptable for rapidScreening of 
the gene libraries generated by the combinatorial mutagen 
esis of GLC1A homologs. The most widely used techniques 
for Screening large gene libraries typically comprises clon 
ing the gene library into replicable expression vectors, 
transforming appropriate cells with the resulting library of 
vectors, and expressing the combinatorial genes under con 
ditions in which detection of a desired activity facilitates 
relatively easy isolation of the vector encoding the gene 
whose product was detected. Each of the illustrative assays 
described below are amenable to high through-put analysis 
as necessary to Screen large numbers of degenerate GLC1A 
Sequences created by combinatorial mutagenesis techniques. 
Combinatorial mutagenesis has a potential to generate very 
large libraries of mutant proteins, e.g., in the order of 10° 
molecules. Combinatorial libraries of this size may be 
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technically challenging to Screen even with high throughput 
Screening assayS. To overcome this problem, a new tech 
nique has been developed recently, recrusive ensemble 
mutagenesis (REM), which allows one to avoid the very 
high proportion of non-functional proteins in a random 
library and Simply enhances the frequency of functional 
proteins, thus decreasing the complexity required to achieve 
a useful Sampling of Sequence Space. REM is an algorithm 
which enhances the frequency of functional mutants in a 
library when an appropriate Selection or Screening method is 
employed (Arkin and Yourvan, 1992, PNAS USA 
89:7811–7815; Yourvan et al., 1992, Parallel Problem Soly 
ing from Nature, 2., In Maenner and Manderick, eds., Elsevir 
Publishing Co., Amsterdam, pp. 401-410; Delgrave et al., 
1993, Protein Engineering 6(3):327-331). 
The invention also provides for reduction of the myocilin 

proteins to generate mimetics, e.g. peptide or non-peptide 
agents, which are able to disrupt binding of a mammalian 
myocilin polypeptide of the present invention with either 
upstream or downstream components. Thus, Such mutagenic 
techniques as described above are also useful to map the 
determinants of the myocilin proteins which participate in 
protein-protein interactions involved in, for example, bind 
ing of the Subject myocilin polypeptide to proteins which 
may function upstream (including both activators and 
repressors of its activity) or to proteins or nucleic acids 
which may function downstream of the myocilin 
polypeptide, whether they are positively or negatively regu 
lated by it. To illustrate, the critical residues of a subject 
myocilin polypeptide which are involved in molecular rec 
ognition of a component upstream or downstream of myo 
cilin can be determined and used to generate myocilin 
derived peptidomimetics which competitively inhibit 
binding of the authentic myocilin protein with that moiety. 
By employing, for example, Scanning mutagenesis to map 
the amino acid residues of each of the Subject myocilin 
proteins which are involved in binding other extracellular 
proteins, peptidominetic compounds can be generated which 
mimic those residues of the myocilin protein which facilitate 
the interaction. Such mimetics may then be used to interfere 
with the normal function of a myocilin protein. For instance, 
non-hydrolyzable peptide analogs of Such residues can be 
generated using benzodiazepine (e.g., See Freidinger et al., in 
Peptides. Chemistry and Biology, G. R. Marshall ed., 
ESCOM Publisher: Leiden, Netherlands, 1988), azepine 
(e.g., see Huffman et al. in Peptides: Chemistry and Biology, 
G. R. Marshall ed., ESCOM Publisher: Leiden, Netherlands, 
1988), Substituted gamma lactam rings (Garvey et al. in 
Peptides. Chemistry and Biology, G. R. Marshall ed., 
ESCOM Publisher: Leiden, Netherlands, 1988), keto 
methylene pseudopeptides (Ewenson et al. (1986) J. Med 
Chem 29:295; and Ewenson et al. in Peptides. Structure and 
Function (Proceedings of the 9th American Peptide 
Symposium) Pierce Chemical Co. Rockland, Ill., 1985), 
f3-turn dipeptide cores (Nagai et al. (1985) Tetrahedron Lett 
26:647; and Sato et al. (1986) J Chem Soc Perkin Trans 
1:1231), and b-aminoalcohols (Gordon et al. (1985) Bio 
chem Biophy's Res Commun 126:419; and Dann et al. (1986) 
Biochem Biophy's Res Commun 134:71). 

4.4.1. Cells Expressing Recombinant Myocilin Polypep 
tides. 

This invention also pertains to a host cell transfected to 
express a recombinant form of the Subject myocilin polypep 
tides. The host cell may be any prokaryotic or eukaryotic 
cell. Thus, a nucleotide Sequence derived from the cloning 
of myocilin proteins, encoding all or a Selected portion of the 
full-length protein, can be used to produce a recombinant 
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form of a myocilin polypeptide via microbial or eukaryotic 
cellular processes. Ligating the polynucleotide Sequence 
into a gene construct, Such as an expression vector, and 
transforming or transfecting into hosts, either eukaryotic 
(yeast, avian, insect or mammalian) or prokaryotic 
(bacterial) cells, are standard procedures used in producing 
other well-known proteins, e.g. MAP kinase, pg. 53, WT1, 
PTP phosphotases, SRC, and the like. Similar procedures, or 
modifications thereof, can be employed to prepare recom 
binant myocilin polypeptides by microbial means or tissue 
culture technology in accord with the Subject invention. 
The recombinant GLC1A genes can be produced by 

ligating nucleic acid encoding a myocilin protein, or a 
portion thereof, into a vector Suitable for expression in either 
prokaryotic cells, eukaryotic cells, or both. Expression vec 
tors for production of recombinant forms of the subject 
myocilin polypeptides include plasmids and other vectors. 
For instance, Suitable vectors for the expression of a myo 
cilin polypeptide include plasmids of the types: p3R322 
derived plasmids, pFMBL-derived plasmids, pFX-derived 
plasmids, p3Tac-derived plasmids and pUC-derived plas 
mids for expression in prokaryotic cells, Such as E. coli. 
A number of Vectors exist for the expression of recom 

binant proteins in yeast. For instance, YEP24, YIP5, YEP51, 
YEP52, pYES2, and YRP17 are cloning and expression 
vehicles useful in the introduction of genetic constructs into 
S. cerevisiae (see, for example, Broach et al. (1983) in 
Experimental Manipulation of Gene Expression, ed. M. 
Inouye Academic PreSS, p. 83, incorporated by reference 
herein). These vectors can replicate in E. coli due the 
presence of the pBR322 ori, and in S. cerevisiae due to the 
replication determinant of the yeast 2 micron plasmid. In 
addition, drug resistance markerS Such as amplicillin can be 
used. In an illustrative embodiment, a myocilin polypeptide 
is produced recombinantly utilizing an expression vector 
generated by Sub-cloning the coding Sequence of one of the 
GLC1A genes represented in SEQ ID Nos: 1-7 or 9. 
The preferred mammalian expression vectors contain 

both prokaryotic Sequences, to facilitate the propagation of 
the vector in bacteria, and one or more eukaryotic transcrip 
tion units that are expressed in eukaryotic cells. The 
pcDNAI/amp, pcDNAI/neo, pRc/CMV, pSV2gpt, pSV2neo, 
pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and 
pHyg derived vectors are examples of mammalian expres 
Sion vectorS Suitable for transfection of eukaryotic cells. 
Some of these vectors are modified with Sequences from 
bacterial plasmids, Such as pBR322, to facilitate replication 
and drug resistance Selection in both prokaryotic and 
eukaryotic cells. Alternatively, derivatives of viruses Such as 
the bovine papillomavirus (BPV-1), or Epstein-Barr virus 
(pHEBo, pREP-derived and p205) can be used for transient 
expression of proteins in eukaryotic cells. The various 
methods employed in the preparation of the plasmids and 
transformation of host organisms are well known in the art. 
For other Suitable expression Systems for both prokaryotic 
and eukaryotic cells, as well as general recombinant 
procedures, See Molecular Cloning A Laboratory Manual, 
2nd Ed., ed, by Sambrook, Fritsch and Maniatis (Cold 
Spring Harbor Laboratory Press: 1989) Chapters 16 and 17. 

In Some instances, it may be desirable to express the 
recombinant myocilin polypeptide by the use of a baculovi 
ruS eXpression System. Examples of Such baculovirus 
expression Systems include pVL-derived vectors (such as 
pVL1392, pVL1393 and pVL941), pAcUW-derived vectors 
(such as pacUW1), and pBlueBac-derived vectors (such as 
the f-gal containing pBlue Bac III). 
When it is desirable to express only a portion of a 

myocilin protein, Such as a form lacking a portion of the 
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N-terminus, i.e. a truncation mutant which lacks the Signal 
peptide, it may be necessary to add a start codon (ATG) to 
the oligonucleotide fragment containing the desired 
Sequence to be expressed. It is well known in the art that a 
methionine at the N-terminal position can be enzymatically 
cleaved by the use of the enzyme methionine aminopepti 
dase (MAP). MAP has been cloned from E. coli (Ben-Bassat 
et al. (1987) J. Bacteriol. 169:751–757) and Salmonella 
typhimurium and its in vitro activity has been demonstrated 
on recombinant proteins Miller et al. (1987) PNAS 
84:2718-1722). Therefore, removal of an N-terminal 
methionine, if desired, can be achieved either in vivo by 
expressing myocilin-derived polypeptides in a host which 
produces MAP (e.g., E. coli or CM89 or S. cerevisiae), or in 
vitro by use of purified MAP (e.g., procedure of Miller et al., 
Supra). 

In other embodiments transgenic animals, described in 
more detail below could be used to produce recombinant 
proteins. 

4.4.2 Fusion Proteins and Immunogens. 
In another embodiment, the coding Sequences for the 

polypeptide can be incorporated as a part of a fusion gene 
including a nucleotide Sequence encoding a different 
polypeptide. This type of expression System can be useful 
under conditions where it is desirable to produce an immu 
nogenic fragment of a myocilin protein. For example, the 
VP6 capsid protein of rotavirus can be used as an immuno 
logic carrier protein for portions of the myocilin 
polypeptide, either in the monomeric form or in the form of 
a viral particle. The nucleic acid Sequences corresponding to 
the portion of a Subject myocilin protein to which antibodies 
are to be raised can be incorporated into a fusion gene 
construct which includes coding Sequences for a late vac 
cinia virus Structural protein to produce a set of recombinant 
Viruses expressing fusion proteins comprising myocilin 
epitopes as part of the virion. It has been demonstrated with 
the use of immunogenic fusion proteins utilizing the Hepa 
titis B Surface antigen fusion proteins that recombinant 
Hepatitis B virions can be utilized in this role as well. 
Similarly, chimeric constructs coding for fusion proteins 
containing a portion of a myocilin protein and the poliovirus 
capsid protein can be created to enhance immunogenicity of 
the set of polypeptide antigens (see, for example, EP Pub 
lication No.: 0259149; and Evans et al. (1989) Nature 
339:385; Huang et al. (1988) J. Virol. 62:3855; and 
Schlienger et al. (1992) J. Virol. 66:2). 

The Multiple Antigen Peptide system for peptide-based 
immunization can also be utilized to generate an 
immunogen, wherein a desired portion of a myocilin 
polypeptide is obtained directly from organo-chemical Syn 
thesis of the peptide onto an oligomeric branching lysine 
core (see, for example, Posnett et al. (1988) JBC 263:1719 
and Nardelli et al. (1992) J. Immunol. 148:914). Antigenic 
determinants of myocilin proteins can also be expressed and 
presented by bacterial cells. 

In addition to utilizing fusion proteins to enhance 
immunogenicity, it is widely appreciated that fusion proteins 
can also facilitate the expression of proteins, and 
accordingly, can be used in the expression of the myocilin 
polypeptides of the present invention. For example, myoci 
lin polypeptides can be generated as glutathione-S- 
transferase (GST-fusion) proteins. Such GST-fusion proteins 
can enable easy purification of the myocilin polypeptide, as 
for example by the use of glutathione-derivatized matrices 
(see, for example, Current Protocols in Molecular Biology, 
eds. Ausubel et al. (N.Y.: John Wiley & Sons, 1991)). 
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In another embodiment, a fusion gene coding for a 

purification leader sequence, Such as a poly-(His)/ 
enterokinase cleavage site Sequence at the N-terminus of the 
desired portion of the recombinant protein, can allow puri 
fication of the expressed fusion protein by affinity chroma 
tography using a Ni2+ metal resin. The purification leader 
Sequence can then be Subsequently removed by treatment 
with enterokinase to provide the purified protein (e.g., See 
Hochuli et al. (1987) J. Chromatography 411:177; and 
Janknecht et al. PNAS 88:8972). Techniques for making 
fusion genes are known to those skilled in the art. 
Essentially, the joining of various DNA fragments coding for 
different polypeptide Sequences is performed in accordance 
with conventional techniques, employing blunt-ended or 
Stagger-ended termini for ligation, restriction enzyme diges 
tion to provide for appropriate termini, filling-in of cohesive 
ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation. In another 
embodiment, the fusion gene can be Synthesized by con 
ventional techniques including automated DNA synthesiz 
erS. Alternatively, PCR amplification of gene fragments can 
be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene 
fragments which can Subsequently be annealed to generate 
a chimeric gene sequence (see, for example, Current Pro 
tocols in Molecular Biology, eds. Ausubel et al. John Wiley 
& Sons: 1992). 

4.4.3. Antibodies 
Another aspect of the invention pertains to an antibody or 

binding fragment thereof, which is specifically reactive with 
a myocilin protein. For example, by using immunogens 
derived from a myocilin protein, e.g. based on the cDNA 
Sequences, anti-protein/anti-peptide antisera or monoclonal 
antibodies can be made by Standard protocols (See, for 
example, Antibodies: A Laboratory Manual ed. by Harlow 
and Lane (Cold Spring Harbor Press: 1988)). A mammal, 
Such as a mouse, a hamster or rabbit can be immunized with 
an immunogenic form of the peptide (e.g., a myocilin 
polypeptide or an antigenic fragment which is capable of 
eliciting an antibody response, or a fusion protein as 
described above). Techniques for conferring immunogenic 
ity on a protein or peptide include conjugation to carriers or 
other techniques well known in the art. An immunogenic 
portion of a myocilin protein can be administered in the 
presence of adjuvant. The progreSS of immunization can be 
monitored by detection of antibody titers in plasma or 
Serum. Standard ELISA or other immunoassays can be used 
with the immunogen as antigen to assess the levels of 
antibodies. In a preferred embodiment, the Subject antibod 
ies are immunospecific for antigenic determinants of a 
myocilin protein of a mammal, e.g. antigenic determinants 
of a protein represented by SEQ ID No. 2 or closely related 
homologs (e.g. at least 92% homologous, and more prefer 
ably at least 94% homologous). 

Following immunization of an animal with an antigenic 
preparation of a myocilin polypeptide, anti-myocilin antis 
era can be obtained and, if desired, polyclonal anti-myocilin 
antibodies isolated from the Serum. To produce monoclonal 
antibodies, antibody-producing cells (lymphocytes) can be 
harvested from an immunized animal and fused by Standard 
Somatic cell fusion procedures with immortalizing cells Such 
as myeloma cells to yield hybridoma cells. Such techniques 
are well known in the art, an include, for example, the 
hybridoma technique (originally developed by Kohler and 
Milstein, (1975) Nature, 256: 495-497), the human B cell 
hybridoma technique (Kozbar et al., (1983) Immunology 
Today, 4:72), and the EBV-hybridoma technique to produce 
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human monoclonal antibodies (Cole et al., (1985) Mono 
clonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. 
pp. 77-96). Hybridoma cells can be screened immu 
nochemically for production of antibodies Specifically reac 
tive with a myocilin polypeptide of the present invention and 
monoclonal antibodies isolated from a culture comprising 
such hybridoma cells. 

The term antibody as used herein is intended to include 
fragments thereof which are also specifically reactive with 
one of the Subject mammalian myocilin polypeptides. Anti 
bodies can be fragmented using conventional techniques and 
the fragments Screened for utility in the same manner as 
described above for whole antibodies. For example, F(ab). 
fragments can be generated by treating antibody with pep 
sin. The resulting F(ab) fragment can be treated to reduce 
disulfide bridges to produce Fab fragments. The antibody of 
the present invention is further intended to include bispecific 
and chimeric molecules having affinity for a myocilin pro 
tein conferred by at least one CDR region of the antibody. 

Antibodies which specifically bind myocilin epitopes can 
also be used in immunohistochemical Staining of tissue 
Samples in order to evaluate the abundance and pattern of 
expression of each of the Subject myocilin polypeptides. 
Anti-myocilin antibodies can be used diagnostically in 
immuno-precipitation and immuno-blotting to detect and 
evaluate myocilin protein levels in tissue as part of a clinical 
testing procedure. For instance, Such measurements can be 
useful in predictive valuations of the onset or progression of 
proliferative disorders. Likewise, the ability to monitor 
myocilin protein levels in an individual can allow determi 
nation of the efficacy of a given treatment regimen for an 
individual afflicted with Such a disorder. The level of myo 
cilin polypeptides may be measured from cells in bodily 
fluid, Such as in Samples of cerebral Spinal fluid or amniotic 
fluid, or can be measured in tissue, Such as produced by 
biopsy. Diagnostic assays using anti-myocilin antibodies can 
include, for example, immunoassays designed to aid in early 
diagnosis of a degenerative disorder, particularly ones which 
are manifest at birth. Diagnostic assays using anti-myocilin 
polypeptide antibodies can also include immunoassays 
designed to aid in early diagnosis and phenotyping neoplas 
tic or hyperplastic disorders. 

Another application of anti-myocilin antibodies of the 
present invention is in the immunological Screening of 
cDNA libraries constructed in expression vectorS Such as 
gt11, gt18–23, ZAP, and ORF8. Messenger libraries of this 
type, having coding Sequences inserted in the correct read 
ing frame and orientation, can produce fusion proteins. For 
instance, gt11 will produce fusion proteins whose amino 
termini consist of 3-galactosidase amino acid Sequences and 
whose carboxy termini consist of a foreign polypeptide. 
Antigenic epitopes of a myocilin protein, e.g. other 
orthologs of a particular myocilin protein or other paralogs 
from the same Species, can then be detected with antibodies, 
as, for example, reacting nitrocellulose filters lifted from 
infected plates with anti-myocilin antibodies. Positive phage 
detected by this assay can then be isolated from the infected 
plate. Thus, the presence of myocilin homologs can be 
detected and cloned from other animals, as can alternate 
isoforms (including splicing variants) from humans. 

4.5 Transgenic Animals 
The invention further provides for transgenic animals, 

which can be used for a variety of purposes, e.g., to identify 
myocilin therapeutics. Transgenic animals of the invention 
include non-human animals containing a heterologous 
GLC1A gene or fragment thereof under the control of a 
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GLC1A promoter or under the control of a heterologous 
promoter. Accordingly, the transgenic animals of the inven 
tion can be animals expressing a transgene encoding a 
wild-type myocilin protein or fragment thereof or variants 
thereof, including mutants and polymorphic variants thereof 
Such animals can be used, e.g., to determine the effect of a 
difference in amino acid Sequence of a myocilin protein from 
the sequence set forth in SEQ ID NOS. 8 or 10, such as a 
polymorphic difference. These animals can also be used to 
determine the effect of expression of a myocilin protein in a 
Specific Site or for identifying myocilin therapeutics or 
confirming their activity in Vivo. 
The transgenic animals can also be animals containing a 

transgene, Such as reporter gene, under the control of a 
GLC1A promoter or fragment thereof. These animals are 
useful, e.g., for identifying drugs that modulate production 
of myocilin, Such as by modulating GLC1A gene expres 
Sion. A GLC1A gene promoter can be isolated, e.g., by 
screening of a genomic library with a GLC1A cDNA frag 
ment and characterized according to methods known in the 
art. In a preferred embodiment of the present invention, the 
transgenic animal containing Said GLC1A reporter gene is 
used to Screen a class of bioactive molecules known as 
steroid hormones for their ability to modulate GLC1A 
expression. 

Yet other non-human animals within the scope of the 
invention include those in which the expression of the 
endogenous GLC1A gene has been mutated or "knocked 
out'. A "knockout' animal is one carrying a homozygous or 
heterozygous deletion of a particular gene or genes. These 
animals could be used to determine whether the absence of 
GLC1A will result in a specific phenotype, in particular 
whether these mice have or are likely to develop a specific 
disease, Such as high Susceptibility to heart disease or 
cancer. Furthermore these animals are useful in Screens for 
drugs which alleviate or attenuate the disease condition 
resulting from the mutation of the GLC1A gene as outlined 
below. These animals are also useful for determining the 
effect of a Specific amino acid difference, or allelic variation, 
in a GLC1A gene. That is, the GLC1A knock out animals 
can be crossed with transgenic animals expressing, e.g., a 
mutated form or allelic variant of GLC1A, thus resulting in 
an animal which expresses only the mutated protein and not 
the wild-type myocilin protein. 
Methods for obtaining transgenic and knockout non 

human animals are well known in the art. Knock out mice 
are generated by homologous integration of a “knock out' 
construct into a mouse embryonic Stem cell chromosome 
which encodes the gene to be knocked out. In one 
embodiment, gene targeting, which is a method of using 
homologous recombination to modify an animal's genome, 
can be used to introduce changes into cultured embryonic 
Stem cells. By targeting a GLC1A gene of interest in ES 
cells, these changes can be introduced into the germlines of 
animals to generate chimeras. The gene targeting procedure 
is accomplished by introducing into tissue culture cells a 
DNA targeting construct that includes a Segment homolo 
gous to a target GLC1A locus, and which also includes an 
intended Sequence modification to the GLC1A genomic 
Sequence (e.g., insertion, deletion, point mutation). The 
treated cells are then Screened for accurate targeting to 
identify and isolate those which have been properly targeted. 
Gene targeting in embryonic Stem cells is in fact a Scheme 

contemplated by the present invention as a means for 
disrupting a GLC1A gene function through the use of a 
targeting transgene construct designed to undergo homolo 
gous recombination with one or more GLC1A genomic 
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Sequences. The targeting construct can be arranged So that, 
upon recombination with an element of a GLC1A gene, a 
positive Selection marker is inserted into (or replaces) cod 
ing Sequences of the gene. The inserted Sequence function 
ally disrupts the GLC1A gene, while also providing a 
positive Selection trait. Exemplary GLC1A targeting con 
structs are described in more detail below. 

Generally, the embryonic stem cells (ES cells) used to 
produce the knockout animals will be of the same Species as 
the knockout animal to be generated. Thus for example, 
mouse embryonic Stem cells will usually be used for gen 
eration of knockout mice. 

Embryonic Stem cells are generated and maintained using 
methods well known to the Skilled artisan Such as those 
described by Doetschman et al. (1985) J. Embryol. Exp. 
87:27–45). Any line of ES cells can be used, however, the 
line chosen is typically selected for the ability of the cells to 
integrate into and become part of the germ line of a 
developing embryo So as to create germ line transmission of 
the knockout construct. Thus, any ES cell line that is 
believed to have this capability is suitable for use herein. 
One mouse strain that is typically used for production of ES 
cells, is the 129J Strain. Another ES cell line is murine cell 
line D3 (American Type Culture Collection, catalog no. 
CKL 1934) Still another preferred ES cell line is the WW6 
cell line (Ioffe et al. (1995) PNAS 92:7357–7361). The cells 
are cultured and prepared for knockout construct insertion 
using methods well known to the skilled artisan, Such as 
those set forth by Robertson in: Teratocarcinomas and 
Embryonic Stem Cells: A Practical Approach, E. J. 
Robertson, ed. IRL Press, Washington, D.C. 1987); by 
Bradley et al. (1986) Current Topics in Devel. Biol. 
20:357-371); and by Hogan et al. (Manipulating the Mouse 
Embryo: A Laboratory Manual, Cold Spring Harbor Labo 
ratory Press, Cold Spring Harbor, N.Y. 1986). 
A knock out construct refers to a uniquely configured 

fragment of nucleic acid which is introduced into a stem cell 
line and allowed to recombine with the genome at the 
chromosomal locus of the gene of interest to be mutated. 
Thus a given knock out construct is Specific for a given gene 
to be targeted for disruption. Nonetheless, many common 
elements exist among these constructs and these elements 
are well known in the art. A typical knock out construct 
contains nucleic acid fragments of not less than about 0.5 kb 
nor more than about 10.0 kb from both the 5' and the 3' ends 
of the genomic locus which encodes the gene to be mutated. 
These two fragments are separated by an intervening frag 
ment of nucleic acid which encodes a positive Selectable 
marker, Such as the neomycin resistance gene (neo). The 
resulting nucleic acid fragment, consisting of a nucleic acid 
from the extreme 5' end of the genomic locus linked to a 
nucleic acid encoding a positive Selectable marker which is 
in turn linked to a nucleic acid from the extreme 3' end of the 
genomic locus of interest, omits most of the coding Sequence 
for GLC1A or other gene of interest to be knocked out. 
When the resulting construct recombines homologously 
with the chromosome at this locus, it results in the loss of the 
omitted coding Sequence, otherwise known as the Structural 
gene, from the genomic locus. A Stem cell in which Such a 
rare homologous recombination event has taken place can be 
selected for by virtue of the stable integration into the 
genome of the nucleic acid of the gene encoding the positive 
Selectable marker and Subsequent Selection for cells express 
ing this marker gene in the presence of an appropriate drug 
(neomycin in this example). Variations on this basic tech 
nique also exist and are well known in the art. For example, 
a "knock-in construct refers to the same basic arrangement 

15 

25 

35 

40 

45 

50 

55 

60 

65 

36 
of a nucleic acid encoding a 5' genomic locus fragment 
linked to nucleic acid encoding a positive Selectable marker 
which in turn is linked to a nucleic acid encoding a 3' 
genomic locus fragment, but which differs in that none of the 
coding Sequence is omitted and thus the 5' and the 3' 
genomic fragments used were initially contiguous before 
being disrupted by the introduction of the nucleic acid 
encoding the positive Selectable marker gene. This “knock 
in type of construct is thus very useful for the construction 
of mutant transgenic animals when only a limited region of 
the genomic locus of the gene to be mutated, Such as a Single 
exon, is available for cloning and genetic manipulation. 
Alternatively, the "knock-in” construct can be used to spe 
cifically eliminate a Single functional domain of the targeted 
gene, resulting in a transgenic animal which expresses a 
polypeptide of the targeted gene which is defective in one 
function, while retaining the function of other domains of 
the encoded polypeptide. This type of "knock-in' mutant 
frequently has the characteristic of a So-called "dominant 
negative' mutant because, especially in the case of proteins 
which homomultimerize, it can Specifically block the action 
of (or “poison”) the polypeptide product of the wild-type 
gene from which it was derived. In a variation of the 
knock-in technique, a marker gene is integrated at the 
genomic locus of interest Such that expression of the marker 
gene comes under the control of the transcriptional regula 
tory elements of the targeted gene. A marker gene is one that 
encodes an enzyme whose activity can be detected (e.g., 
f-galactosidase), the enzyme Substrate can be added to the 
cells under Suitable conditions, and the enzymatic activity 
can be analyzed. One skilled in the art will be familiar with 
other useful markers and the means for detecting their 
presence in a given cell. All Such markers are contemplated 
as being included within the Scope of the teaching of this 
invention. 
AS mentioned above, the homologous recombination of 

the above described “knock out' and “knock in' constructs 
is very rare and frequently Such a construct inserts nonho 
mologously into a random region of the genome where it has 
no effect on the gene which has been targeted for deletion, 
and where it can potentially recombine So as to disrupt 
another gene which was otherwise not intended to be altered. 
Such nonhomologous recombination events can be Selected 
against by modifying the abovementioned knock out and 
knock in constructs So that they are flanked by negative 
Selectable markers at either end (particularly through the use 
of two allelic variants of the thymidine kinase gene, the 
polypeptide product of which can be selected against in 
expressing cell lines in an appropriate tissue culture medium 
well known in the art-i.e. one containing a drug Such as 
5-bromodeoxyuridine). Thus a preferred embodiment of 
Such a knock out or knock in construct of the invention 
consist of a nucleic acid encoding a negative Selectable 
marker linked to a nucleic acid encoding a 5' end of a 
genomic locus linked to a nucleic acid of a positive Select 
able marker which in turn is linked to a nucleic acid 
encoding a 3' end of the same genomic locus which in turn 
is linked to a Second nucleic acid encoding a negative 
Selectable marker Nonhomologous recombination between 
the resulting knock out construct and the genome will 
usually result in the stable integration of one or both of these 
negative Selectable marker genes and hence cells which have 
undergone nonhomologous recombination can be Selected 
against by growth in the appropriate Selective media (e.g. 
media containing a drug Such as 5-bromodeoxyuridine for 
example). Simultaneous selection for the positive selectable 
marker and against the negative Selectable marker will result 
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in a vast enrichment for clones in which the knock out 
construct has recombined homologously at the locus of the 
gene intended to be mutated. The presence of the predicted 
chromosomal alteration at the targeted gene locus in the 
resulting knockout Stem cell line can be confirmed by means 
of Southern blot analytical techniques which are well known 
to those familiar in the art. Alternatively, PCR can be used. 

Each knockout construct to be inserted into the cell must 
first be in the linear form. Therefore, if the knockout 
construct has been inserted into a vector (described infra), 
linearization is accomplished by digesting the DNA with a 
Suitable restriction endonuclease Selected to cut only within 
the vector Sequence and not within the knockout construct 
Sequence. 

For insertion, the knockout construct is added to the ES 
cells under appropriate conditions for the insertion method 
chosen, as is known to the skilled artisan. For example, if the 
ES cells are to be electroporated, the ES cells and knockout 
construct DNA are exposed to an electric pulse using an 
electroporation machine and following the manufacturer's 
guidelines for use. After electroporation, the ES cells are 
typically allowed to recover under Suitable incubation con 
ditions. The cells are then Screened for the presence of the 
knock out construct as explained above. Where more than 
one construct is to be introduced into the ES cell, each 
knockout construct can be introduced simultaneously or one 
at a time. 

After Suitable ES cells containing the knockout construct 
in the proper location have been identified by the Selection 
techniques outlined above, the cells can be inserted into an 
embryo. Insertion may be accomplished in a variety of ways 
known to the skilled artisan, however a preferred method is 
by microinjection. For microinjection, about 10-30 cells are 
collected into a micropipet and injected into embryos that 
are at the proper Stage of development to permit integration 
of the foreign ES cell containing the knockout construct into 
the developing embryo. For instance, the transformed ES 
cells can be microinjected into blastocytes. The Suitable 
stage of development for the embryo used for insertion of ES 
cells is very Species dependent, however for mice it is about 
3.5 days. The embryos are obtained by perfusing the uterus 
of pregnant females. Suitable methods for accomplishing 
this are known to the skilled artisan, and are Set forthby, e.g., 
Bradley et al. (Supra). 
While any embryo of the right stage of development is 

Suitable for use, preferred embryos are male. In mice, the 
preferred embryoS also have genes coding for a coat color 
that is different from the coat color encoded by the ES cell 
genes. In this way, the offspring can be Screened easily for 
the presence of the knockout construct by looking for 
mosaic coat color (indicating that the ES cell was incorpo 
rated into the developing embryo). Thus, for example, if the 
ES cell line carries the genes for white fur, the embryo 
selected will carry genes for black or brown fur. 

After the ES cell has been introduced into the embryo, the 
embryo may be implanted into the uterus of a pseudopreg 
nant foster mother for gestation. While any foster mother 
may be used, the foster mother is typically Selected for her 
ability to breed and reproduce well, and for her ability to 
care for the young. Such foster mothers are typically pre 
pared by mating with vasectomized males of the same 
Species. The Stage of the pseudopregnant foster mother is 
important for Successful implantation, and it is Species 
dependent. For mice, this stage is about 2–3 days 
pseudopregnant. 

Offspring that are born to the foster mother may be 
Screened initially for mosaic coat color where the coat color 
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Selection Strategy (as described above, and in the appended 
examples) has been employed. In addition, or as an 
alternative, DNA from tail tissue of the offspring may be 
Screened for the presence of the knockout construct using 
Southern blots and/or PCR as described above. Offspring 
that appear to be mosaics may then be crossed to each other, 
if they are believed to carry the knockout construct in their 
germ line, in order to generate homozygous knockout ani 
mals. Homozygotes may be identified by Southern blotting 
of equivalent amounts of genomic DNA from mice that are 
the product of this croSS, as well as mice that are known 
heterozygotes and wild type mice. 

Other means of identifying and characterizing the knock 
out offspring are available. For example, Northern blots can 
be used to probe the mRNA for the presence or absence of 
transcripts encoding either the gene knocked out, the marker 
gene, or both. In addition, Western blots can be used to 
assess the level of expression of the GLC1A gene knocked 
out in various tissues of the offspring by probing the Western 
blot with an antibody against the particular myocilin protein, 
or an antibody against the marker gene product, where this 
gene is expressed. Finally, in Situ analysis (Such as fixing the 
cells and labeling with antibody) and/or FACS (fluorescence 
activated cell Sorting) analysis of various cells from the 
offspring can be conducted using Suitable antibodies to look 
for the presence or absence of the knockout construct gene 
product. 

Yet other methods of making knock-Out or disruption 
transgenic animals are also generally known. See, for 
example, Manipulating the Mouse Embryo, (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). 
Recombinase dependent knockouts can also be generated, 
e.g. by homologous recombination to insert target 
Sequences, Such that tissue specific and/or temporal control 
of inactivation of a GLC1A-gene can be controlled by 
recombinase Sequences (described infra). 
Animals containing more than one knockout construct 

and/or more than one transgene expression construct are 
prepared in any of Several ways. The preferred manner of 
preparation is to generate a Series of mammals, each con 
taining one of the desired transgenic phenotypes. Such 
animals are bred together through a Series of crosses, back 
crosses and Selections, to ultimately generate a single animal 
containing all desired knockout constructs and/or expression 
constructs, where the animal is otherwise congenic 
(genetically identical) to the wild type except for the pres 
ence of the knockout construct(s) and/or transgene(s). 
AGLC1A transgene can encode the wild-type form of the 

protein, or can encode homologs thereof, including both 
agonists and antagonists, as well as antisense constructs. In 
preferred embodiments, the expression of the transgene is 
restricted to Specific Subsets of cells, tissueS or developmen 
tal stages utilizing, for example, cis-acting Sequences that 
control expression in the desired pattern. In the present 
invention, Such mosaic expression of a myocilin protein can 
be essential for many forms of lineage analysis and can 
additionally provide a means to assess the effects of, for 
example, lack of GLC1A expression which might grossly 
alter development in Small patches of tissue within an 
otherwise normal embryo. Toward this and, tissue-specific 
regulatory Sequences and conditional regulatory Sequences 
can be used to control expression of the transgene in certain 
Spatial patterns. Moreover, temporal patterns of expression 
can be provided by, for example, conditional recombination 
Systems or prokaryotic transcriptional regulatory Sequences. 

Genetic techniques, which allow for the expression of 
transgenes can be regulated via Site-specific genetic manipu 
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lation in vivo, are known to those skilled in the art. For 
instance, genetic Systems are available which allow for the 
regulated expression of a recombinase that catalyzes the 
genetic recombination of a target Sequence. AS used herein, 
the phrase “target Sequence” refers to a nucleotide Sequence 
that is genetically recombined by a recombinase. The target 
Sequence is flanked by recombinase recognition Sequences 
and is generally either excised or inverted in cells expressing 
recombinase activity. Recombinase catalyzed recombination 
events can be designed Such that recombination of the target 
Sequence results in either the activation or repression of 
expression of one of the Subject myocilin proteins. For 
example, excision of a target Sequence which interferes with 
the expression of a recombinant GLC1A gene, Such as one 
which encodes an antagonistic homolog or an antisense 
transcript, can be designed to activate expression of that 
gene. This interference with expression of the protein can 
result from a variety of mechanisms, Such as Spatial Sepa 
ration of the GLC1A gene from the promoter element or an 
internal Stop codon. Moreover, the transgene can be made 
wherein the coding Sequence of the gene is flanked by 
recombinase recognition Sequences and is initially trans 
fected into cells in a 3' to 5' orientation with respect to the 
promoter element. In Such an instance, inversion of the 
target Sequence will reorient the Subject gene by placing the 
5' end of the coding Sequence in an orientation with respect 
to the promoter element which allow for promoter driven 
transcriptional activation. 

The transgenic animals of the present invention all 
include within a plurality of their cells a transgene of the 
present invention, which transgene alters the phenotype of 
the "host cell' with respect to regulation of cell growth, 
death and/or differentiation. Since it is possible to produce 
transgenic organisms of the invention utilizing one or more 
of the transgene constructs described herein, a general 
description will be given of the production of transgenic 
organisms by referring generally to exogenous genetic mate 
rial. This general description can be adapted by those skilled 
in the art in order to incorporate Specific transgene 
Sequences into organisms utilizing the methods and mate 
rials described below. 

In an illustrative embodiment, either the crelloxP recom 
binase system of bacteriophage P1 (Lakso et al. (1992) 
PNAS 89:6232–6236; Orban et al. (1992) PNAS 
89:6861-6865) or the FLP recombinase system of Saccha 
romyces cerevisiae (O’Gorman et al. (1991) Science 
251:1351–1355; PCT publication WO 92/15694) can be 
used to generate in Vivo Site-specific genetic recombination 
Systems. Cre recombinase catalyzes the Site-specific recom 
bination of an intervening target Sequence located between 
loXP Sequences. loXP Sequences are 34 base pair nucleotide 
repeat Sequences to which the Cre recombinase binds and 
are required for Cre recombinase mediated genetic recom 
bination. The orientation of loXP Sequences determines 
whether the intervening target Sequence is excised or 
inverted when Cre recombinase is present (Abremski et al. 
(1984) J. Biol. Chem. 259:1509–1514); catalyzing the exci 
Sion of the target Sequence when the loXP Sequences are 
oriented as direct repeats and catalyzes inversion of the 
target Sequence when loXP Sequences are oriented as 
inverted repeats. 

Accordingly, genetic recombination of the target 
Sequence is dependent on expression of the Cre recombi 
nase. Expression of the recombinase can be regulated by 
promoter elements which are Subject to regulatory control, 
e.g., tissue-specific, developmental Stage-specific, inducible 
or repressible by externally added agents. This regulated 
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control will result in genetic recombination of the target 
Sequence only in cells where recombinase expression is 
mediated by the promoter element. Thus, the activation 
expression of a recombinant myocilin protein can be regu 
lated via control of recombinase expression. 

Use of the crelloxP recombinase system to regulate 
expression of a recombinant myocilin protein requires the 
construction of a transgenic animal containing transgenes 
encoding both the Cre recombinase and the Subject protein. 
Animals containing both the Cre recombinase and a recom 
binant GLC1A gene can be provided through the construc 
tion of “double' transgenic animals. A convenient method 
for providing Such animals is to mate two transgenic animals 
each containing a transgene, e.g., a GLC1A gene and 
recombinase gene. 

Similar conditional transgenes can be provided using 
prokaryotic promoter Sequences which require prokaryotic 
proteins to be Simultaneous expressed in order to facilitate 
expression of the GLC1A transgene. Exemplary promoters 
and the corresponding trans-activating prokaryotic proteins 
are given in U.S. Pat. No. 4,833,080. 

Moreover, expression of the conditional transgenes can be 
induced by gene therapy-like methods wherein a gene 
encoding the trans-activating protein, e.g. a recombinase or 
a prokaryotic protein, is delivered to the tissue and caused to 
be expressed, Such as in a cell-type specific manner. By this 
method, a GLC1A transgene could remain Silent into adult 
hood until “turned on by the introduction of the trans 
activator. 

In an exemplary embodiment, the “transgenic non-human 
animals” of the invention are produced by introducing 
transgenes into the germline of the non-human animal. 
Embryonal target cells at various developmental Stages can 
be used to introduce transgenes. Different methods are used 
depending on the Stage of development of the embryonal 
target cell. The Specific line(s) of any animal used to practice 
this invention are Selected for general good health, good 
embryo yields, good pronuclear visibility in the embryo, and 
good reproductive fitness. In addition, the haplotype is a 
Significant factor. For example, when transgenic mice are to 
be produced, strains such as C57BL/6 or FVB lines are often 
used (Jackson Laboratory, Bar Harbor, Me...). Preferred 
strains are those with H-2, H-2 or H-27 haplotypes such as 
C57BL/6 or DBA/1. The line(s) used to practice this inven 
tion may themselves be transgenics, and/or may be knock 
outs (i.e., obtained from animals which have one or more 
genes partially or completely Suppressed). 

In one embodiment, the transgene construct is introduced 
into a single Stage embryo. The Zygote is the best target for 
micro-injection. In the mouse, the male pronucleus reaches 
the size of approximately 20 micrometers in diameter which 
allows reproducible injection of 1-2 pl of DNA solution. 
The use of Zygotes as a target for gene transfer has a major 
advantage in that in most cases the injected DNA will be 
incorporated into the host gene before the first cleavage 
(Brinster et al. (1985) PNAS 82:4438–4442). As a 
consequence, all cells of the transgenic animal will carry the 
incorporated transgene. This will in general also be reflected 
in the efficient transmission of the transgene to offspring of 
the founder since 50% of the germ cells will harbor the 
transgene. 

Normally, fertilized embryos are incubated in Suitable 
media until the pronuclei appear. At about this time, the 
nucleotide Sequence comprising the transgene is introduced 
into the female or male pronucleus as described below. In 
Some Species Such as mice, the male pronucleus is preferred. 
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It is most preferred that the exogenous genetic material be 
added to the male DNA complement of the Zygote prior to 
its being processed by the ovum nucleus or the Zygote 
female pronucleus. It is thought that the ovum nucleus or 
female pronucleus release molecules which affect the male 
DNA complement, perhaps by replacing the protamines of 
the male DNA with histones, thereby facilitating the com 
bination of the female and male DNA complements to form 
the diploid Zygote. 

Thus, it is preferred that the exogenous genetic material 
be added to the male complement of DNA or any other 
complement of DNA prior to its being affected by the female 
pronucleus. For example, the exogenous genetic material is 
added to the early male pronucleus, as Soon as possible after 
the formation of the male pronucleus, which is when the 
male and female pronuclei are well Separated and both are 
located close to the cell membrane. Alternatively, the exog 
enous genetic material could be added to the nucleus of the 
Sperm after it has been induced to undergo decondensation. 
Sperm containing the exogenous genetic material can then 
be added to the ovum or the decondensed sperm could be 
added to the ovum with the transgene constructs being added 
as Soon as possible thereafter. 

Introduction of the transgene nucleotide Sequence into the 
embryo may be accomplished by any means known in the art 
Such as, for example, microinjection, electroporation, or 
lipofection. Following introduction of the transgene nucle 
otide Sequence into the embryo, the embryo may be incu 
bated in Vitro for varying amounts of time, or reimplanted 
into the Surrogate host, or both. In vitro incubation to 
maturity is within the Scope of this invention. One common 
method in to incubate the embryos in vitro for about 1-7 
days, depending on the Species, and then reimplant them into 
the Surrogate host. 

For the purposes of this invention a Zygote is essentially 
the formation of a diploid cell which is capable of devel 
oping into a complete organism. Generally, the Zygote will 
be comprised of an egg containing a nucleus formed, either 
naturally or artificially, by the fusion of two haploid nuclei 
from a gamete or gametes. Thus, the gamete nuclei must be 
ones which are naturally compatible, i.e., ones which result 
in a viable Zygote capable of undergoing differentiation and 
developing into a functioning organism. Generally, a euploid 
Zygote is preferred. If an aneuploid Zygote is obtained, then 
the number of chromosomes should not vary by more than 
one with respect to the euploid number of the organism from 
which either gamete originated. 

In addition to Similar biological considerations, physical 
ones also govern the amount (e.g., volume) of exogenous 
genetic material which can be added to the nucleus of the 
Zygote or to the genetic material which forms a part of the 
Zygote nucleus. If no genetic material is removed, then the 
amount of exogenous genetic material which can be added 
is limited by the amount which will be absorbed without 
being physically disruptive. Generally, the Volume of exog 
enous genetic material inserted will not exceed about 10 
picoliters. The physical effects of addition must not be so 
great as to physically destroy the viability of the Zygote. The 
biological limit of the number and variety of DNA 
Sequences will vary depending upon the particular Zygote 
and functions of the exogenous genetic material and will be 
readily apparent to one skilled in the art, because the genetic 
material, including the exogenous genetic material, of the 
resulting Zygote must be biologically capable of initiating 
and maintaining the differentiation and development of the 
Zygote into a functional organism. 

The number of copies of the transgene constructs which 
are added to the Zygote is dependent upon the total amount 

15 

25 

35 

40 

45 

50 

55 

60 

65 

42 
of exogenous genetic material added and will be the amount 
which enables the genetic transformation to occur. Theo 
retically only one copy is required; however, generally, 
numerous copies are utilized, for example, 1,000-20,000 
copies of the transgene construct, in order to insure that one 
copy is functional. AS regards the present invention, there 
will often be an advantage to having more than one func 
tioning copy of each of the inserted exogenous DNA 
Sequences to enhance the phenotypic expression of the 
exogenous DNA sequences. 
Any technique which allows for the addition of the 

exogenous genetic material into nucleic genetic material can 
be utilized So long as it is not destructive to the cell, nuclear 
membrane or other existing cellular or genetic structures. 
The exogenous genetic material is preferentially inserted 
into the nucleic genetic material by microinjection. Micro 
injection of cells and cellular Structures is known and is used 
in the art. 

Reimplantation is accomplished using Standard methods. 
Usually, the Surrogate host is anesthetized, and the embryos 
are inserted into the oviduct. The number of embryos 
implanted into a particular host will vary by Species, but will 
usually be comparable to the number of off Spring the 
Species naturally produces. 

Transgenic offspring of the Surrogate host may be 
Screened for the presence and/or expression of the transgene 
by any Suitable method. Screening is often accomplished by 
Southern blot or Northern blot analysis, using a probe that 
is complementary to at least a portion of the transgene. 
Western blot analysis using an antibody against the protein 
encoded by the transgene may be employed as an alternative 
or additional method for Screening for the presence of the 
transgene product. Typically, DNA is prepared from tail 
tissue and analyzed by Southern analysis or PCR for the 
transgene. Alternatively, the tissueS or cells believed to 
express the transgene at the highest levels are tested for the 
presence and expression of the transgene using Southern 
analysis or PCR, although any tissueS or cell types may be 
used for this analysis. 

Alternative or additional methods for evaluating the pres 
ence of the transgene include, without limitation, Suitable 
biochemical assayS. Such as enzyme and/or immunological 
assays, histological Stains for particular marker or enzyme 
activities, flow cytometric analysis, and the like. Analysis of 
the blood may also be useful to detect the presence of the 
transgene product in the blood, as well as to evaluate the 
effect of the transgene on the levels of various types of blood 
cells and other blood constituents. 

Progeny of the transgenic animals may be obtained by 
mating the transgenic animal with a Suitable partner, or by 
in vitro fertilization of eggs and/or Sperm obtained from the 
transgenic animal. Where mating with a partner is to be 
performed, the partner may or may not be transgenic and/or 
a knockout; where it is transgenic, it may contain the same 
or a different transgene, or both. Alternatively, the partner 
may be a parental line. Where in vitro fertilization is used, 
the fertilized embryo may be implanted into a Surrogate host 
or incubated in vitro, or both. Using either method, the 
progeny may be evaluated for the presence of the transgene 
using methods described above, or other appropriate meth 
ods. 
The transgenic animals produced in accordance with the 

present invention will include exogenous genetic material. 
AS Set out above, the exogenous genetic material will, in 
certain embodiments, be a DNA sequence which results in 
the production of a myocilin protein (either agonistic or 
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antagonistic), and antisense transcript, or a myocilin mutant. 
Further, in Such embodiments the Sequence will be attached 
to a transcriptional control element, e.g., a promoter, which 
preferably allows the expression of the transgene product in 
a specific type of cell. 

Retroviral infection can also be used to introduce trans 
gene into a non-human animal. The developing non-human 
embryo can be cultured in vitro to the blastocyst Stage. 
During this time, the blastomeres can be targets for retroviral 
infection (Jaenich, R. (1976) PNAS 73:1260–1264). Effi 
cient infection of the blastomeres is obtained by enzymatic 
treatment to remove the Zona pellucida (Manipulating the 
Mouse Embryo, Hogan eds. (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1986). The viral vector system 
used to introduce the transgene is typically a replication 
defective retrovirus carrying the transgene (Jahner et al. 
(1985) PNAS 82:6927–6931; Van der Putten et al. (1985) 
PNAS 82:6148-6152). Transfection is easily and efficiently 
obtained by culturing the blastomeres on a monolayer of 
virus-producing cells (Van der Putten, Supra; Stewart et al. 
(1987) EMBO J. 6:383-388). Alternatively, infection can be 
performed at a later Stage. Virus or virus-producing cells can 
be injected into the blastocoele (Jahner et al. (1982) Nature 
298:623–628). Most of the founders will be mosaic for the 
transgene Since incorporation occurs only in a Subset of the 
cells which formed the transgenic non-human animal. 
Further, the founder may contain various retroviral inser 
tions of the transgene at different positions in the genome 
which generally will Segregate in the offspring. In addition, 
it is also possible to introduce transgenes into the germ line 
by intrauterine retroviral infection of the midgeStation 
embryo (Jahner et al. (1982) Supra). 
A third type of target cell for transgene introduction is the 

embryonal stem cell (ES). ES cells are obtained from 
pre-implantation embryos cultured in vitro and fused with 
embryos (Evans et al. (1981) Nature 292:154–156; Bradley 
et al. (1984) Nature 309:255-258; Gossler et al. (1986) 
PNAS 83: 9065–9069; and Robertson et al. (1986) Nature 
322:445-448). Transgenes can be efficiently introduced into 
the ES cells by DNA transfection or by retrovirus-mediated 
transduction. Such transformed ES cells can thereafter be 
combined with blastocysts from a non-human animal. The 
ES cells thereafter colonize the embryo and contribute to the 
germ line of the resulting chimeric animal. For review See 
Jaenisch, R. (1988) Science 240: 1468–1474. 

4.6. Drug Screening ASSays for GLC1A Therapeutics 
Based on the discovery of the GLC1A gene and specific 

mutations in the gene that correlate with the existence of 
glaucoma, one of Skill in the art is able to use any of a variety 
of Standard assays to Screen for drugs, which will interfere 
with or otherwise prevent the development of glaucoma. By 
addressing the molecular basis of glaucoma, these agents are 
expected to be Superior to existing therapies. 

For example, identification of the precise phenotype asso 
ciated with these mutations can be used to identify func 
tionally important regions of the protein. These specific 
mutations can then be used in other experiments which will 
include overexpression in cell lines and the creation of 
transgenic animals. Ideally, one could identify mutations 
which reproducibly cause glaucoma at very different times 
in the person's life and then be able to show that these 
mutations had similar differences of effect in a cellular 
expression System or a transgenic animal. 

In addition, proteins that interact with the GLC1A gene 
product and genes encoding the proteins can now be 
identified, Since proteins that interact with GLC1A gene 
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product will be important targets for involvement in the 
pathogenesis of various types of glaucoma. 

Further, studies will be undertaken to discover whether 
mutations known to cause glaucoma in human beings alter 
protein trafficking in tissue culture as well as animal models, 
Since one mechanism through which mutations in the 
GLC1A gene could cause disease would be to alter the 
expression of other important gene products. This can occur 
by affecting overall protein trafficking within the cell caused 
for example by increased removal of mutant proteins at the 
level of the endoplasmic reticulum. 

Further understanding of the pathogenesis of glaucoma is 
useful for identifying new classes of drugs which can be 
useful in the treatment of glaucoma. For example, the 
GLC1A gene has been found to be induced by exposure of 
cells to Steroids. Therefore, drugs which are capable of 
blocking this steroid effect should prove useful for prevent 
ing or delaying the development of glaucoma. 
As further described below, in vitro assays which are 

Suitable for very high throughput Screening of compounds 
can be performed. AS the Simplest example of this approach, 
one could use antibodies to the GLC1A gene product to 
develop a simple ELISA assay for the induction of the 
GLC1A gene product and then perform this assay in a 96 
well microtiter plate format to Screen a large number of 
drugs for the efficacy in blocking the Steroid induction of the 
gene product. In this way, automated methods could be used 
to Screen Several thousand potentially therapeutic com 
pounds for efficacy. 

Also, knowledge of the structure/function of the GLC1A 
gene immediately Suggests other genes which might be 
involved in glaucoma. Such clues will come from Studies of 
homology, evolution, evaluation of Structural motifs within 
the gene, and genetic Studies using analyses designed to 
identify genes causing polygenic disease. 

In the original linkage Study described herein, it was 
recognized that 3 of 22 obligate carriers of the glaucoma 
gene failed to manifest a Severe glaucoma phenotype. This 
information Suggests that other genes are capable of miti 
gating the effect of the GLC1A mutation. One powerful way 
to Search for Such mitigator genes is to express a glaucoma 
causing gene in different backgrounds. This can be done by 
creating transgenic animals and then breeding the glaucoma 
causing gene on different genetic mouse Strains. If the 
phenotype is altered in different Strains these animals can be 
back crossed in Such a way that the mitigating gene can be 
identified. 

Some of the assays mentioned above, will now be 
described in further detail below. 

4.6.1 Cell-Free Assays 
In many drug Screening programs which test libraries of 

compounds and natural extracts, high throughput assays are 
desirable in order to maximize the number of compounds 
Surveyed in a given period of time. ASSays which are 
performed in cell-free Systems, Such as may be derived with 
purified or Semi-purified proteins, are often preferred as 
“primary Screens in that they can be generated to permit 
rapid development and relatively easy detection of an alter 
ation in a molecular target which is mediated by a test 
compound. Moreover, the effects of cellular toxicity and/or 
bioavailability of the test compound can be generally 
ignored in the in vitro System, the assay instead being 
focused primarily on the effect of the drug on the molecular 
target as may be manifest in an alteration of binding affinity 
with upstream or downstream elements. Accordingly, in an 
exemplary Screening assay of the present invention, the 
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compound of interest is contacted with proteins which may 
function upstream (including both activators and repressors 
of its activity) or to proteins or nucleic acids which may 
function downstream of the myocilin polypeptide, whether 
they are positively or negatively regulated by it. To the 
mixture of the compound and the upstream or downstream 
element is then added a composition containing a myocilin 
polypeptide. Detection and quantification of complexes of 
myocilin with its upstream or downstream elements provide 
a means for determining a compound's efficacy at inhibiting 
(or potentiating) complex formation between myocilin and a 
myocilin-binding element. The efficacy of the compound 
can be assessed by generating dose response curves from 
data obtained using various concentrations of the test com 
pound. Moreover, a control assay can also be performed to 
provide a baseline for comparison. In the control assay, 
isolated and purified myocilin polypeptide is added to a 
composition containing the myocilin-binding element, and 
the formation of a complex is quantitated in the absence of 
the test compound. 

Complex formation between the myocilin polypeptide 
and a myocilin binding element may be detected by a variety 
of techniques. Modulation of the formation of complexes 
can be quantitated using, for example, detectably labeled 
proteins Such as radiolabeled, fluorescently labeled, or enzy 
matically labeled myocilin polypeptides, by immunoassay, 
or by chromatographic detection. 

Typically, it will be desirable to immobilize either myo 
cilin or its binding protein to facilitate Separation of com 
plexes from uncomplexed forms of one or both of the 
proteins, as well as to accommodate automation of the assay. 
Binding of myocilin to an upstream or downstream element, 
in the presence and absence of a candidate agent, can be 
accomplished in any vessel Suitable for containing the 
reactants. Examples include microtitre plates, test tubes, and 
micro-centrifuge tubes. In one embodiment, a fusion protein 
can be provided which adds a domain that allows the protein 
to be bound to a matrix. For example, glutathione-S- 
transferase/myocilin (GST/myocilin) fusion proteins can be 
adsorbed onto glutathione Sepharose beads (Sigma 
Chemical, St. Louis, Mo.) or glutathione derivatized 
microtitre plates, which are then combined with the cell 
lysates, e.g. an S-labeled, and the test compound, and the 
mixture incubated under conditions conducive to complex 
formation, e.g. at physiological conditions for Salt and pH, 
though slightly more Stringent conditions may be desired. 
Following incubation, the beads are washed to remove any 
unbound label, and the matrix immobilized and radiolabel 
determined directly (e.g. beads placed in Scintilant), or in the 
Supernatant after the complexes are Subsequently dissoci 
ated. Alternatively, the complexes can be dissociated from 
the matrix, separated by SDS-PAGE, and the level of 
myocilin-binding protein found in the bead fraction quanti 
tated from the gel using Standard electrophoretic techniques 
Such as described in the appended examples. 

Other techniques for immobilizing proteins on matrices 
are also available for use in the Subject assay. For instance, 
either myocilin or its cognate binding protein can be immo 
bilized utilizing conjugation of biotin and Streptavidin. For 
instance, biotinylated myocilin molecules can be prepared 
from biotin-NHS (N-hydroxy-succinimide) using tech 
niques well known in the art (e.g., biotinylation kit, Pierce 
Chemicals, Rockford, Ill.), and immobilized in the wells of 
streptavidin-coated 96 well plates (Pierce Chemical). 
Alternatively, antibodies reactive with myocilin but which 
do not interfere with binding of upstream or downstream 
elements can be derivatized to the Wells of the plate, and 
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myocilin trapped in the Wells by antibody conjugation. AS 
above, preparations of a myocilin-binding protein and a test 
compound are incubated in the myocilin-presenting wells of 
the plate, and the amount of complex trapped in the well can 
be quantitated. Exemplary methods for detecting Such 
complexes, in addition to those described above for the 
GST immobilized complexes, include immunodetection of 
complexes using antibodies reactive with the myocilin bind 
ing element, or which are reactive with myocilin protein and 
compete with the binding element, as well as enzyme-linked 
assays which rely on detecting an enzymatic activity asso 
ciated with the binding element, either intrinsic or extrinsic 
activity. In the instance of the latter, the enzyme can be 
chemically conjugated or provided as a fusion protein with 
the myocilin-BP. To illustrate, the myocilin-BP can be 
chemically croSS-linked or genetically fused with horserad 
ish peroxidase, and the amount of polypeptide trapped in the 
complex can be assessed with a chromogenic Substrate of 
the enzyme, e.g. 3,3'-diamino-benzadine terahydrochloride 
or 4-chloro-1-napthol. Likewise, a fusion protein compris 
ing the polypeptide and glutathione-S-transferase can be 
provided, and complex formation quantitated by detecting 
the GST activity using 1-chloro-2,4-dinitrobenzene (Habig 
et al (1974) J Biol Chem 249:7130). 

For processes which rely on immunodetection for quan 
titating one of the proteins trapped in the complex, antibod 
ies against the protein, Such as anti-myocilin antibodies, can 
be used. Alternatively, the protein to be detected in the 
complex can be "epitope tagged' in the form of a fusion 
protein which includes, in addition to the myocilin Sequence, 
a Second polypeptide for which antibodies are readily avail 
able (e.g. from commercial Sources). For instance, the GST 
fusion proteins described above can also be used for quan 
tification of binding using antibodies against the GST moi 
ety. Other useful epitope tags include myc-epitopes (e.g., see 
Ellison et al. (1991) J Biol Chem 266:21150–21157) which 
includes a 10-residue sequence from c-myc, as well as the 
pFLAG system (International Biotechnologies, Inc.) or the 
pEZZ-protein A system (Pharamacia, NJ). 

4.6.2. Cell Based Assays 
In addition to cell-free assays, Such as described above, 

the readily available Source of mutant and functional 
GLC1A nucleic acids and proteins provided by the present 
invention also facilitates the generation of cell-based assays 
for identifying Small molecule agonists/antagonists and the 
like. For example, cells can be caused to overexpress a 
recombinant myocilin protein in the presence and absence of 
a test agent of interest, with the assay Scoring for modulation 
in myocilin responses by the target cell mediated by the test 
agent. AS with the cell-free assays, agents which produce a 
Statistically significant change in myocilin-dependent 
responses (either inhibition or potentiation) can be identi 
fied. In an illustrative embodiment, the expression or activity 
of a myocilin is modulated in cells and the effects of 
compounds of interest on the readout of interest (Such as 
tissue differentiation, proliferation, tumorigenesis) are mea 
Sured. For example, the expression of genes which are up 
or down-regulated in response to a myocilin-dependent 
Signal cascade can be assayed. In preferred embodiments, 
the regulatory regions of Such genes, e.g., the 5' flanking 
promoter and enhancer regions, are operably linked to a 
detectable marker (Such as luciferase) which encodes a gene 
product that can be readily detected. 

Exemplary cells or cell lines may be derived from ocular 
tissue (e.g. trabecular meshwork or ciliary body epithelia); 
as well as generic mammalian cell lines Such as HeLa cells 
and COS cells, e.g., COS-7 (ATCC# CRL-1651). Further, 
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the transgenic animals discussed herein may be used to 
generate cell lines containing one or more cell types 
involved in glaucoma, that can be used as cell culture 
models for this disorder. While primary cultures derived 
from the glaucomatous transgenic animals of the invention 
may be utilized, the generation of continuous cell lines is 
preferred. For examples of techniques which may be used to 
derive a continuous cell line from the transgenic animals, See 
Small et al., 1985, Mol. Cell Biol. 5:642–648. 

Using these cells, the effect of a test compound on a 
Variety of end points can be tested including cell 
proliferation, migration, phagocytosis, adherence and/or 
biosynthesis (e.g. of extracellular matrix components). The 
cells can then be examined for phenotypes associated with 
glaucoma, including, but not limited to changes in cellular 
morphology, cell proliferation, cell migration, and cell adhe 
SO. 

In the event that the myocilin proteins themselves, or in 
complexes with other proteins, are capable of binding DNA 
and modifying transcription of a gene, a transcriptional 
based assay could be used, for example, in which a myocilin 
responsive regulatory Sequence is operably linked to a 
detectable marker gene. 

Monitoring the influence of compounds on cells may be 
applied not only in basic drug Screening, but also in clinical 
trials. In Such clinical trials, the expression of a panel of 
genes may be used as a “read out of a particular drug's 
therapeutic effect. 

In yet another aspect of the invention, the Subject myo 
cilin polypeptides can be used to generate a “two hybrid” 
assay (see, for example, U.S. Pat. No. 5,283,317; Zervos et 
al. (1993) Cell 72:223–232; Madura et al. (1993) J Biol 
Chem 268: 12046–12054; Bartel et al. (1993) Biotechniques 
14:920–924; Iwabuchi et al. (1993) Oncogene 8:1693–1696; 
and Brent WO94/10300), for isolating coding sequences for 
other cellular proteins which bind to or interact with myo 
cilin (“myocilin-binding proteins” or “myocilin-bp). 

Briefly, the two hybrid assay relies on reconstituting in 
Vivo a functional transcriptional activator protein from two 
Separate fusion proteins. In particular, the method makes use 
of chimeric genes which express hybrid proteins. To 
illustrate, a first hybrid gene comprises the coding Sequence 
for a DNA-binding domain of a transcriptional activator 
fused in frame to the coding Sequence for a myocilin 
polypeptide. The Second hybrid protein encodes a transcrip 
tional activation domain fused in frame to a Sample gene 
from a cDNA library. If the bait and sample hybrid proteins 
are able to interact, e.g., form a myocilin-dependent 
complex, they bring into close proximity the two domains of 
the transcriptional activator. This proximity is Sufficient to 
cause transcription of a reporter gene which is operably 
linked to a transcriptional regulatory Site responsive to the 
transcriptional activator, and expression of the reporter gene 
can be detected and used to Score for the interaction of the 
myocilin and Sample proteins. 

This invention further pertains to novel agents identified 
by the above-described Screening assays and uses thereof for 
treatments as described herein. 

4.7 Methods of Treating Disease 
In addition to glaucoma, there may be a variety of 

pathological conditions for which myocilin therapeutics of 
the present invention can be used in treatment. 
A "myocilin therapeutic,” whether an antagonist or ago 

nist of wild type myocilin, can be, as appropriate, any of the 
preparations described above, including isolated 
polypeptides, gene therapy constructs, antisense molecules, 
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peptidomimetics, non-nucleic acid, non-peptidic Small 
molecules, or agents identified in the drug assays provided 
herein. 

AS described herein, Subjects having certain mutant 
GLC1A genes tend to develop glaucoma. Down-regulation 
of mutant GLC1A gene expression and/or a resultant 
decrease in the activity of a mutant myocilin protein (e.g. 
using antisense, ribozyme, triple helix or antibody 
molecules) and/or up-regulation of a wildtype GLC1A gene 
expression and/or a resultant increase in the activity of a 
wildtype myocilin protein (e.g. using gene therapy or protein 
replacement therapies) should therefore prove useful in 
ameliorating disease Symptoms. Compounds identified as 
increasing or decreasing GLC1A gene expression or myo 
cilin protein activity can be administered to a Subject at 
therapeutically effective dose to treat or ameliorate Symp 
toms associated with glaucoma. 

4.7.1. Effective Dose 
Toxicity and therapeutic efficacy of Such compounds can 

be determined by Standard pharmaceutical procedures in cell 
cultures or experimental animals, e.g., for determining the 
LDs (the dose lethal to 50% of the population) and the EDso 
(the dose therapeutically effective in 50% of the population). 
The dose ratio between toxic and therapeutic effects is the 
therapeutic indeX and it can be expressed as the ratio 
LDso/EDso. Compounds which exhibit large therapeutic 
indices are preferred. While compounds that exhibit toxic 
Side effects may be used, care should be taken to design a 
delivery System that targets Such compounds to the Site of 
affected tissue in order to minimize potential damage to 
uninfected cells and, thereby, reduce side effects. 
The data obtained from the cell culture assays and animal 

Studies can be used in formulating a range of dosage for use 
in humans. The dosage of Such compounds lies preferably 
within a range of circulating concentrations that include the 
EDso with little or no toxicity. The dosage may vary within 
this range depending upon the dosage form employed and 
the route of administration utilized. For any compound used 
in the method of the invention, the therapeutically effective 
dose can be estimated initially from cell culture assays. A 
dose may be formulated in animal models to achieve a 
circulating plasma concentration range that includes the ICso 
(i.e., the concentration of the test compound which achieves 
a half-maximal inhibition of Symptoms) as determined in 
cell culture. Such information can be used to more accu 
rately determine useful doses in humans. Levels in plasma 
may be measured, for example, by high performance liquid 
chromatography. 

4.7.2. Formulation and Use 

Pharmaceutical compositions for use in accordance with 
the present invention may be formulated in conventional 
manner using one or more physiologically acceptable car 
riers or excipients. Thus, the compounds and their physi 
ologically acceptable Salts and Solvates may be formulated 
for administration by, for example, injection, inhalation or 
insufflation (either through the mouth or the nose) or oral, 
buccal, parenteral or rectal administration. 

For Such therapy, the oligomers of the invention can be 
formulated for a variety of loads of administration, including 
Systemic and topical or localized administration. Techniques 
and formulations generally may be found in Remmington's 
Pharmaceutical Sciences, Meade Publishing Co., Easton, 
Pa. For Systemic administration, injection is preferred, 
including intramuscular, intravenous, intraperitoneal, and 
Subcutaneous. For injection, the oligomers of the invention 
can be formulated in liquid Solutions, preferably in physi 
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ologically compatible bufferS Such as Hank's Solution or 
Ringer's Solution. In addition, the oligomers may be formu 
lated in Solid form and redissolved or Suspended immedi 
ately prior to use. Lyophilized forms are also included. 

For oral administration, the pharmaceutical compositions 
may take the form of, for example, tablets or capsules 
prepared by conventional means with pharmaceutically 
acceptable excipients Such as binding agents (e.g., pregela 
tinised maize Starch, polyvinylpyrrollidone or hydroxypropyl 
methylcellulose); fillers (e.g., lactose, microcrystalline cel 
lulose or calcium hydrogen phosphate); lubricants (e.g., 
magnesium Stearate, talc or silica), disintegrants (e.g., potato 
Starch or Sodium starch glycolate); or wetting agents (e.g., 
sodium lauryl Sulphate). The tablets may be coated by 
methods well known in the art. Liquid preparations for oral 
administration may take the form of, for example, Solutions, 
Syrups or Suspensions, or they may be presented as a dry 
product for constitution with water or other suitable vehicle 
before use. Such liquid preparations may be prepared by 
conventional means with pharmaceutically acceptable addi 
tives Such as Suspending agents (e.g., Sorbitol Syrup, cellu 
lose derivatives or hydrogenated edible fats); emulsifying 
agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., 
almond oil, oily esters, ethyl alcohol or fractionated veg 
etable oils); and preservatives (e.g., methyl or propyl-p- 
hydroxybenzoates or Sorbic acid). The preparations may 
also contain buffer Salts, flavoring, coloring and Sweetening 
agents as appropriate. 

Preparations for oral administration may be suitably for 
mulated to give controlled release of the active compound. 

For buccal administration the compositions may take the 
form of tablets or lozenges formulated in conventional 

C. 

For administration by inhalation, the compounds for use 
according to the present invention are conveniently deliv 
ered in the form of an aeroSol Spray presentation from 
preSSurized packs or a nebuliser, with the use of a Suitable 
propellant, e.g., dichloro difluorome thane, 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon 
dioxide or other Suitable gas. In the case of a pressurized 
aeroSol the dosage unit may be determined by providing a 
Valve to deliver a metered amount. Capsules and cartridges 
of e.g. gelatin for use in an inhaler or insufflator may be 
formulated containing a powder mix of the compound and a 
Suitable powder base Such as lactose or Starch. 

The compounds may be formulated for parenteral admin 
istration by injection, e.g., by bolus injection or continuous 
infusion. Formulations for injection may be presented in unit 
dosage form, e.g., in ampoules or in multi-dose containers, 
with an added preservative. The compositions may take Such 
forms as Suspensions, Solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents Such 
as Suspending, Stabilizing and/or dispersing agents. 
Alternatively, the active ingredient may be in powder form 
for constitution with a Suitable vehicle, e.g., Sterile pyrogen 
free water, before use. 

The compounds may also be formulated in rectal com 
positions Such as Suppositories or retention enemas, e.g., 
containing conventional Suppository bases Such as cocoa 
butter or other glycerides. 

In addition to the formulations described previously, the 
compounds may also be formulated as a depot preparation. 
Such long acting formulations may be administered by 
implantation (for example Subcutaneously or 
intramuscularly) or by intramuscular injection. Thus, for 
example, the compounds may be formulated with Suitable 
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polymeric or hydrophobic materials (for example as an 
emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly Soluble derivatives, for example, as a sparingly 
Soluble salt. 

Systemic administration can also be by transmucosal or 
transdermal means. For transmucosal or transdermal 
administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are 
generally known in the art, and include, for example, for 
transmucosal administration bile Salts and fusidic acid 
derivatives. In addition, detergents may be used to facilitate 
permeation. Transmucosal administration may be through 
nasal Spray S or using Suppositories. For topical 
administration, the oligomers of the invention are formu 
lated into ointments, Salves, gels, or creams as generally 
known in the art. 

In clinical Settings, the gene delivery Systems for the 
therapeutic GLC1A gene can be introduced into a patient by 
any of a number of methods, each of which is familiar in the 
art. For instance, a pharmaceutical preparation of the gene 
delivery System can be introduced Systemically, e.g. by 
intravenous injection, and Specific transduction of the pro 
tein in the target cells occurs predominantly from Specificity 
of transfection provided by the gene delivery vehicle, cell 
type or tissue-type expression due to the transcriptional 
regulatory Sequences controlling expression of the receptor 
gene, or a combination thereof. In other embodiments, initial 
delivery of the recombinant gene is more limited with 
introduction into the animal being quite localized. For 
example, the gene delivery vehicle can be introduced by 
catheter (see U.S. Pat. No. 5,328,470) or by stereotactic 
injection (e.g. Chen et al. (1994) PNAS 91: 3054–3057). A 
GLC1A gene, Such as any one of the Sequences represented 
in the group consisting of SEQID NO: 1 or 2, or a sequence 
homologous thereto can be delivered in a gene therapy 
construct by electroporation using techniques described, for 
example, by Dev et al. (1994) Cancer Treat Rev 
20:105-115). Gene therapy vectors comprised of viruses 
that provide Specific effective and highly localized treatment 
of eye diseases are described in Published International 
Patent Application No. WO95/34580 to U. Eriksson et al. 
The pharmaceutical preparation of the gene therapy con 

Struct can consist essentially of the gene delivery System in 
an acceptable diluent, or can comprise a slow release matrix 
in which the gene delivery vehicle is imbedded. 
Alternatively, where the complete gene delivery System can 
be produced intact from recombinant cells, e.g. retroviral 
vectors, the pharmaceutical preparation can comprise one or 
more cells which produce the gene delivery System. 
The compositions may, if desired, be presented in a pack 

or dispenser device which may contain one or more unit 
dosage forms containing the active ingredient. The pack may 
for example comprise metal or plastic foil, Such as a blister 
pack. The pack or dispenser device may be accompanied by 
instructions for administration. 

4.8 Predictive Medicine 

The invention further features predictive medicines, 
which are based, at least in part, on the identity of the novel 
GLC1A genes and alterations in the genes and related 
pathway genes, which affect the expression level and/or 
function of the encoded myocilin protein in a Subject. 

For example, information obtained using the diagnostic 
assays described herein (alone or in conjunction with infor 
mation on another genetic defect, which contributes to the 
same disease) is useful for diagnosing or confirming that a 
Symptomatic Subject (e.g. a Subject Symptomatic for 
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glaucoma), has a genetic defect (e.g. in a GLC1A gene or in 
a gene that regulates the expression of an GLC1A gene), 
which causes or contributes to glaucoma. Alternatively, the 
information (alone or in conjunction with information on 
another genetic defect, which contributes to the same 
disease) can be used prognostically for predicting whether a 
non-Symptomatic Subject is likely to develop glaucoma. 
Based on the prognostic information, a doctor can recom 
mend a regimen or therapeutic protocol, useful for prevent 
ing or prolonging onset of glaucoma in the individual. 

In addition, knowledge of the particular alteration or 
alterations resulting in defective or deficient GLC1A genes 
or proteins in an individual (the GLC1A genetic profile), 
alone or in conjunction with information on other genetic 
defects contributing to glaucoma (the genetic profile of 
glaucoma) allows customization of therapy to the individu 
als genetic profile, the goal of “pharmacogenomics'. For 
example, an individual’s GLC1A genetic profile or the 
genetic profile of glaucoma, can enable a doctor to: 1) more 
effectively prescribe a drug that will address the molecular 
basis of glaucoma; and 2) better determine the appropriate 
dosage of a particular drug. For example, the expression 
level of myocilin proteins, alone or in conjunction with the 
expression level of other genes, known to contribute to 
glaucoma, can be measured in many patients at various 
Stages of the disease to generate a transcriptional or expres 
Sion profile of glaucoma. Expression patterns of individual 
patients can then be compared to the expression profile of 
glaucoma to determine the appropriate drug and dose to 
administer to the patient. 
The ability to target populations expected to show the 

highest clinical benefit, based on the GLC1A or glaucoma 
genetic profile, can enable: 1) the repositioning of marketed 
drugs with disappointing market results; 2) the rescue of 
drug candidates whose clinical development has been dis 
continued as a result of Safety or efficacy limitations, which 
are patient Subgroup-specific, and 3) an accelerated and less 
costly development for drug candidates and more optimal 
drug labeling (e.g. Since the use of GLC1A as a marker is 
useful for optimizing effective dose). 

These and other methods are described in further detail in 
the following Sections. 

4.8.1. Prognostic and Diagnostic ASSayS 
The present methods provide means for determining if a 

Subject has (diagnostic) or is at risk of developing 
(prognostic) glaucoma. 

In one embodiment, the method comprises determining 
whether a subject has an abnormal GLC1A mRNA and/or 
myocilin protein level, Such as by Northern blot analysis, 
reverse transcription-polymerase chain reaction (RT-PCR), 
in situ hybridization, immunoprecipitation, Western blot 
hybridization, or immunohistochemistry. According to the 
method, cells are obtained from a subject and the level of 
GLC1A mRNA or myocilin level is determined and com 
pared to the mRNA or protein level in a healthy subject. An 
abnormal level of GLC1A mRNA or myocilin therefor being 
indicative of an aberrant myocilin bioactivity. In another 
embodiment, the method comprises measuring at least one 
activity of myocilin. Similarly, the constant of affinity of a 
myocilin protein of a Subject with a binding partner can be 
determined. Comparison of the results obtained with results 
from Similar analysis performed on myocilin proteins from 
healthy Subjects is indicative of whether a Subject has an 
abnormal myocilin activity. 

In preferred embodiments, the methods for determining 
whether a Subject has or is at risk for developing glaucoma 
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is characterized as comprising detecting, in a Sample of cells 
from the Subject, the presence or absence of a genetic 
alteration characterized by at least one of (i) an alteration 
affecting the integrity of a gene encoding a myocilin 
polypeptide, or (ii) the mis-expression of the GLC1A gene. 
For example, Such genetic alterations can be detected by 
ascertaining the existence of at least one of (i) a deletion of 
one or more nucleotides from a GLC1A gene, (ii) an 
addition of one or more nucleotides to a GLC1A gene, (iii) 
a Substitution of one or more nucleotides of a GLC1A gene, 
(iv) a gross chromosomal rearrangement of a GLC1A gene, 
(v) a gross alteration in the level of a messenger RNA 
transcript of a GLC1A gene, (vi) aberrant modification of a 
GLC1A gene, Such as of the methylation pattern of the 
genomic DNA, (vii) the presence of a non-wild type splicing 
pattern of a messenger RNA transcript of a GLC1A gene, 
(viii) a non-wild type level of a myocilin polypeptide, (ix) 
allelic loss of a GLC1A gene, and/or (x) inappropriate 
post-translational modification of a myocilin polypeptide. 
AS Set out below, the present invention provides a variety of 
assay techniques for detecting alterations in a GLC1A gene. 
These methods include, but are not limited to, methods 
involving Sequence analysis, Southern blot hybridization, 
restriction enzyme Site mapping, and methods involving 
detection of absence of nucleotide pairing between the 
nucleic acid to be analyzed and a probe. These and other 
methods are further described infra. 

Specific diseases or disorders, e.g., genetic diseases or 
disorders, are associated with Specific allelic variants of 
polymorphic regions of certain genes, which do not neces 
Sarily encode a mutated protein. Thus, the presence of a 
Specific allelic Variant of a polymorphic region of a gene, 
such as a single nucleotide polymorphism (“SNP”), in a 
Subject can render the Subject Susceptible to developing a 
Specific disease or disorder. Polymorphic regions in GLC1A 
genes, can be identified by determining the nucleotide 
Sequence of genes in populations of individuals. If a poly 
morphic region, e.g., SNP is identified, then the link with a 
Specific disease can be determined by Studying specific 
populations of individuals, e.g., individuals which devel 
oped glaucoma. A polymorphic region can be located in any 
region of a gene, e.g., exons, in coding or non-coding 
regions of exons, introns, and promoter region. 

It is likely that GLC1A genes comprise polymorphic 
regions, Specific alleles of which may be associated with 
Specific diseases or conditions or with an increased likeli 
hood of developing Such diseases or conditions. Thus, the 
invention provides methods for determining the identity of 
the allele or allelic variant of a polymorphic region of a 
GLC1A gene in a subject, to thereby determine whether the 
Subject has or is at risk of developing a disease or disorder 
asSociated with a Specific allelic variant of a polymorphic 
region. 

In an exemplary embodiment, there is provided a nucleic 
acid composition comprising a nucleic acid probe including 
a region of nucleotide Sequence which is capable of hybrid 
izing to a Sense or antisense Sequence of a GLC1A gene or 
naturally occurring mutants thereof, or 5' or 3' flanking 
Sequences or intronic Sequences naturally associated with 
the Subject GLC1A genes or naturally occurring mutants 
thereof. The nucleic acid of a cell is rendered accessible for 
hybridization, the probe is contacted with the nucleic acid of 
the Sample, and the hybridization of the probe to the Sample 
nucleic acid is detected. Such techniques can be used to 
detect alterations or allelic variants at either the genomic or 
mRNA level, including deletions, Substitutions, etc., as well 
as to determine mRNA transcript levels. 
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A preferred detection method is allele Specific hybridiza 
tion using probes overlapping the mutation or polymorphic 
site and having about 5, 10, 20, 25, or 30 nucleotides around 
the mutation or polymorphic region. In a preferred embodi 
ment of the invention, Several probes capable of hybridizing 
Specifically to allelic variants, Such as Single nucleotide 
polymorphisms, are attached to a Solid phase Support, e.g., 
a “chip”. Oligonucleotides can be bound to a Solid Support 
by a variety of processes, including lithography. For 
example a chip can hold up to 250,000 oligonucleotides. 
Mutation detection analysis using these chips comprising 
oligonucleotides, also termed “DNA probe arrays” is 
described e.g., in Cronin et al. (1996) Human Mutation 
7:244. In one embodiment, a chip comprises all the allelic 
variants of at least one polymorphic region of a gene. The 
Solid phase Support is then contacted with a test nucleic acid 
and hybridization to the Specific probes is detected. 
Accordingly, the identity of numerous allelic variants of one 
or more genes can be identified in a simple hybridization 
experiment. 

In certain embodiments, detection of the alteration com 
prises utilizing the probe/primer in a polymerase chain 
reaction (PCR) (see, e.g. U.S. Pat. Nos. 4,683,195 and 
4,683.202), such as anchor PCR or RACE PCR, or, 
alternatively, in a ligase chain reaction (LCR) (See, e.g., 
Landegran et al. (1988) Science 241:1077–1080; and Naka 
Zawa et al. (1994) PNAS 91:360-364), the latter of which 
can be particularly useful for detecting point mutations in 
the GLC1A gene (see Abravaya et al. (1995) Nuc Acid Res 
23:675-682). In a merely illustrative embodiment, the 
method includes the steps of (i) collecting a Sample of cells 
from a patient, (ii) isolating nucleic acid (e.g., genomic, 
mRNA or both) from the cells of the sample, (iii) contacting 
the nucleic acid Sample with one or more primers which 
Specifically hybridize to a GLC1A gene under conditions 
such that hybridization and amplification of the GLC1A 
gene (if present) occurs, and (iv) detecting the presence or 
absence of an amplification product, or detecting the size of 
the amplification product and comparing the length to a 
control sample. It is anticipated that PCR and/or LCR may 
be desirable to use as a preliminary amplification Step in 
conjunction with any of the techniques used for detecting 
mutations described herein. 

Alternative amplification methods include: Self Sustained 
sequence replication (Guatelli, J. C. et al., 1990, Proc. Natl. 
Acad. Sci. USA 87: 1874-1878), transcriptional amplifica 
tion system (Kwoh, D. Y. et al., 1989, Proc. Natl. Acad. Sci. 
USA86: 1173–1177), Q-Beta Replicase (Lizardi, P. M. et al., 
1988, Bio/Technology 6:1197), or any other nucleic acid 
amplification method, followed by the detection of the 
amplified molecules using techniques well known to those 
of skill in the art. These detection Schemes are especially 
useful for the detection of nucleic acid molecules if Such 
molecules are present in very low numbers. 

In a preferred embodiment of the Subject assay, mutations 
in, or allelic variants, of a GLC1A gene from a Sample cell 
are identified by alterations in restriction enzyme cleavage 
patterns. For example, Sample and control DNA is isolated, 
amplified (optionally), digested with one or more restriction 
endonucleases, and fragment length sizes are determined by 
gel electrophoresis. Moreover, the use of Sequence Specific 
ribozymes (see, for example, U.S. Pat. No. 5,498.531) can 
be used to Score for the presence of Specific mutations by 
development or loSS of a ribozyme cleavage Site. 

In yet another embodiment, any of a variety of Sequencing 
reactions known in the art can be used to directly Sequence 
the GLC1A gene and detect mutations by comparing the 

15 

25 

35 

40 

45 

50 

55 

60 

65 

S4 
Sequence of the Sample GLC1A with the corresponding 
wild-type (control) sequence. Exemplary Sequencing reac 
tions include those based on techniques developed by 
Maxim and Gilbert (Proc. Natl Acad Sci USA (1977) 
74:560) or Sanger (Sanger et al (1977) Proc. Nat. Acad. Sci 
74:5463). It is also contemplated that any of a variety of 
automated Sequencing procedures may be utilized when 
performing the subject assays (Biotechniques (1995) 
19:448), including sequencing by mass spectrometry (see, 
for example PCT publication WO 94/16101; Cohen et al. 
(1996) Adv Chromatogr 36:127–162; and Griffin et al. 
(1993) Appl Biochem Biotechnol 38:147-159). It will be 
evident to one skilled in the art that, for certain 
embodiments, the occurrence of only one, two or three of the 
nucleic acid bases need be determined in the Sequencing 
reaction. For instance, A-track or the like, e.g., where only 
one nucleic acid is detected, can be carried out. 

In a further embodiment, protection from cleavage agents 
(Such as a nuclease, hydroxylamine or osmium tetroxide and 
with piperidine) can be used to detect mismatched bases in 
RNA/RNA or RNA/DNA or DNA/DNA heteroduplexes 
(Myers, et al. (1985) Science 230:1242). In general, the art 
technique of "mismatch cleavage' starts by providing het 
eroduplexes formed by hybridizing (labelled) RNA or DNA 
containing the wild-type GLC1A Sequence with potentially 
mutant RNA or DNA obtained from a tissue sample. The 
double-Stranded duplexes are treated with an agent which 
cleaves Single-Stranded regions of the duplex as will exist 
due to base pair mismatches between the control and Sample 
strands. For instance, RNA/DNA duplexes can be treated 
with RNase and DNA/DNA hybrids treated with S1 
nuclease to enzymatically digest the mismatched regions. In 
other embodiments, either DNA/DNA or RNA/DNA 
duplexes can be treated with hydroxylamine or osmium 
tetroxide and with piperidine in order to digest mismatched 
regions. After digestion of the mismatched regions, the 
resulting material is then Separated by size on denaturing 
polyacrylamide gels to determine the Site of mutation. See, 
for example, Cotton et al (1988) Proc. Natl AcadSci USA 
85:4397; Saleeba et al (1992) Methods Enzymol. 
217:286-295. In a preferred embodiment, the control DNA 
or RNA can be labeled for detection. 

In Still another embodiment, the mismatch cleavage reac 
tion employs one or more proteins that recognize mis 
matched base pairs in double-stranded DNA (so called 
“DNA mismatch repair” enzymes) in defined systems for 
detecting and mapping point mutations in GLC1A cDNAS 
obtained from samples of cells. For example, the mutY 
enzyme of E. coli cleaves A at G/A mismatches and the 
thymidine DNA glycosylase from HeLa cells cleaves T at 
G/T mismatches (Hsu et al. (1994) Carcinogenesis 
15:1657-1662). According to an exemplary embodiment, a 
probe based on a GLC1A Sequence, e.g., a wild-type 
GLC1A sequence, is hybridized to a cDNA or other DNA 
product from a test cell(s). The duplex is treated with a DNA 
mismatch repair enzyme, and the cleavage products, if any, 
can be detected from electrophoresis protocols or the like. 
See, for example, U.S. Pat. No. 5,459,039. 

In other embodiments, alterations in electrophoretic 
mobility will be used to identify mutations or the identity of 
the allelic variant of a polymorphic region in GLC1A genes. 
For example, Single Strand conformation polymorphism 
(SSCP) may be used to detect differences in electrophoretic 
mobility between mutant and wild type nucleic acids (Orita 
et al. (1989) Proc Natl. Acad. Sci USA 86:2766, see also 
Cotton (1993) Mutat Res 285:125-144; and Hayashi (1992) 
Genet Anal Tech Appl 9:73–79). Single-stranded DNA frag 
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ments of Sample and control GLC1A nucleic acids are 
denatured and allowed to renature. The Secondary Structure 
of Single-Stranded nucleic acids varies according to 
Sequence, the resulting alteration in electrophoretic mobility 
enables the detection of even a single base change. The DNA 
fragments may be labeled or detected with labeled probes. 
The sensitivity of the assay may be enhanced by using RNA 
(rather than DNA), in which the secondary structure is more 
Sensitive to a change in Sequence. In a preferred 
embodiment, the Subject method utilizes heteroduplex 
analysis to Separate double Stranded heteroduplex molecules 
on the basis of changes in electrophoretic mobility (Keen et 
al. (1991) Trends Genet 7:5). 

In yet another embodiment, the movement of mutant or 
wild-type fragments in polyacrylamide gels containing a 
gradient of denaturant is assayed using denaturing gradient 
gel electrophoresis (DGGE) (Myers et al (1985) Nature 
313:495). When DGGE is used as the method of analysis, 
DNA will be modified to insure that it does not completely 
denature, for example by adding a GC clamp of approxi 
mately 40 bp of high-melting GC-rich DNA by PCR. In a 
further embodiment, a temperature gradient is used in place 
of a denaturing agent gradient to identify differences in the 
mobility of control and sample DNA (Rosenbaum and 
Reissner (1987) Biophys Chem 265:12753). 

Examples of other techniques for detecting point muta 
tions or the identity of the allelic variant of a polymorphic 
region include, but are not limited to, Selective oligonucle 
otide hybridization, Selective amplification, or Selective 
primer eXtension. For example, oligonucleotide primerS may 
be prepared in which the known mutation or nucleotide 
difference (e.g., in allelic variants) is placed centrally and 
then hybridized to target DNA under conditions which 
permit hybridization only if a perfect match is found (Saiki 
et al. (1986) Nature 324:163); Saiki et al (1989) Proc. Natl 
Acad. Sci USA 86:6230). Such allele specific oligonucle 
otide hybridization techniques may be used to test one 
mutation or polymorphic region per reaction when oligo 
nucleotides are hybridized to PCR amplified target DNA or 
a number of different mutations or polymorphic regions 
when the oligonucleotides are attached to the hybridizing 
membrane and hybridized with labeled target DNA. 

Alternatively, allele Specific amplification technology 
which depends on selective PCR amplification may be used 
in conjunction with the instant invention. Oligonucleotides 
used as primerS for Specific amplification may carry the 
mutation or polymorphic region of interest in the center of 
the molecule (So that amplification depends on differential 
hybridization) (Gibbs et al (1989) Nucleic Acids Res. 
17:2437-2448) or at the extreme 3' end of one primer where, 
under appropriate conditions, mismatch can prevent, or 
reduce polymerase extension (Prossner (1993) Tibtech 
11:238. In addition it may be desirable to introduce a novel 
restriction site in the region of the mutation to create 
cleavage-based detection (Gasparini et al (1992) Mol. Cell 
Probes 6:1). It is anticipated that in certain embodiments 
amplification may also be performed using Taq ligase for 
amplification (Barany (1991) Proc. Natl. Acad. Sci USA 
88:189). In such cases, ligation will occur only if there is a 
perfect match at the 3' end of the 5' Sequence making it 
possible to detect the presence of a known mutation at a 
Specific Site by looking for the presence or absence of 
amplification. 

In another embodiment, identification of the allelic vari 
ant is carried out using an oligonucleotide ligation assay 
(OLA), as described, e.g., in U.S. Pat. No. 4,998,617 and in 
Landegren, U. et al., Science 241:1077–1080 (1988). The 
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OLA protocol uses two oligonucleotides which are designed 
to be capable of hybridizing to abutting Sequences of a Single 
Strand of a target. One of the oligonucleotides is linked to a 
Separation marker, e.g., biotinylated, and the other is detect 
ably labeled. If the precise complementary Sequence is 
found in a target molecule, the oligonucleotides will hybrid 
ize Such that their termini abut, and create a ligation Sub 
Strate. Ligation then permits the labeled oligonucleotide to 
be recovered using avidin, or another biotin ligand. 
NickerSon, D. A. et al. have described a nucleic acid 
detection assay that combines attributes of PCR and OLA 
(Nickerson, D. A. et al., Proc. Natl. Acad. Sci. (U.S.A.) 
87:8923–8927 (1990). In this method, PCR is used to 
achieve the exponential amplification of target DNA, which 
is then detected using OLA. 

Several techniques based on this OLA method have been 
developed and can be used to detect specific allelic variants 
of a polymorphic region of a GLC1A gene. For example, 
U.S. Pat. No. 5,593,826 discloses an OLA using an oligo 
nucleotide having 3'-amino group and a 5'-phosphorylated 
oligonucleotide to form a conjugate having a phosphorami 
date linkage. In another variation of OLA described in Tobe 
et al. (1996) Nucleic Acids Res 24:3728), OLA combined 
with PCR permits typing of two alleles in a single microtiter 
well. By marking each of the allele-Specific primers with a 
unique hapten, i.e. digoxigenin and fluorescein, each OLA 
reaction can be detected by using hapten specific antibodies 
that are labeled with different enzyme reporters, alkaline 
phosphatase or horseradish peroxidase. This System permits 
the detection of the two alleles using a high throughput 
format that leads to the production of two different colors. 
The invention further provides methods for detecting 

Single nucleotide polymorphisms in a GLC1A gene. 
Because Single nucleotide polymorphisms constitute Sites of 
variation flanked by regions of invariant Sequence, their 
analysis requires no more than the determination of the 
identity of the Single nucleotide present at the Site of 
variation and it is unnecessary to determine a complete gene 
Sequence for each patient. Several methods have been devel 
oped to facilitate the analysis of Such single nucleotide 
polymorphisms. 

In one embodiment, the Single base polymorphism can be 
detected by using a specialized exonuclease-resistant 
nucleotide, as disclosed, e.g., in Mundy, C. R. (U.S. Pat. No. 
4,656,127). According to the method, a primer complemen 
tary to the allelic Sequence immediately 3' to the polymor 
phic Site is permitted to hybridize to a target molecule 
obtained from a particular animal or human. If the polymor 
phic Site on the target molecule contains a nucleotide that is 
complementary to the particular exonuclease-resistant 
nucleotide derivative present, then that derivative will be 
incorporated onto the end of the hybridized primer. Such 
incorporation renders the primer resistant to exonuclease, 
and thereby permits its detection. Since the identity of the 
exonuclease-resistant derivative of the Sample is known, a 
finding that the primer has become resistant to exonucleases 
reveals that the nucleotide present in the polymorphic Site of 
the target molecule was complementary to that of the 
nucleotide derivative used in the reaction. This method is 
advantageous, Since it does not require the determination of 
large amounts of extraneous Sequence data. 

In another embodiment of the invention, a Solution-based 
method is used for determining the identity of the nucleotide 
of a polymorphic site. Cohen, D. et al. (French Patent 
2,650,840; PCT Applin. No. WO91/02087). As in the Mundy 
method of U.S. Pat. No. 4,656,127, a primer is employed 
that is complementary to allelic Sequences immediately 3' to 
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a polymorphic site. The method determines the identity of 
the nucleotide of that Site using labeled dideoxynucleotide 
derivatives, which, if complementary to the nucleotide of the 
polymorphic Site will become incorporated onto the termi 
nus of the primer. 
An alternative method, known as Genetic Bit Analysis or 

GBATM is described by Goelet, P. et al. (PCT Applin. No. 
92/15712). The method of Goelet, P. et al. uses mixtures of 
labeled terminators and a primer that is complementary to 
the Sequence 3' to a polymorphic Site. The labeled terminator 
that is incorporated is thus determined by, and complemen 
tary to, the nucleotide present in the polymorphic Site of the 
target molecule being evaluated. In contrast to the method of 
Cohen et al. (French Patent 2,650,840; PCT Applin. No. 
WO91/02087) the method of Goelet, P. et al. is preferably a 
heterogeneous phase assay, in which the primer or the target 
molecule is immobilized to a Solid phase. 

Recently, Several primer-guided nucleotide incorporation 
procedures for assaying polymorphic Sites in DNA have 
been described (Komher, J. S. et al., Nucl. Acids. Res. 
17:7779–7784 (1989); Sokolov, B. P., Nucl. Acids Res. 
18:3671 (1990); Syvanen, A. -C., et al., Genomics 
8:684-692 (1990); Kuppuswamy, M. N. et al., Proc. Natl. 
Acad. Sci. (U.S.A.) 88:1143–1147 (1991); Prezant, T. R. et 
al., Hum. Mutat. 1:159-164 (1992); Ugozzoli, L. et al., 
GATA 9:107-112 (1992); Nyren, P. et al., Anal. Biochem. 
208:171-175 (1993)). These methods differ from GBATM 
in that they all rely on the incorporation of labeled deoxy 
nucleotides to discriminate between bases at a polymorphic 
Site. In Such a format, Since the Signal is proportional to the 
number of deoxynucleotides incorporated, polymorphisms 
that occur in runs of the Same nucleotide can result in Signals 
that are proportional to the length of the run (Syvanen, A.-C., 
et al., Amer. J. Hum. Genet. 52:46-59 (1993)). 

For mutations that produce premature termination of 
protein translation, the protein truncation test (PTT) offers 
an efficient diagnostic approach (Roest, et. al., (1993) Hum. 
Mol. Genet. 2:1719–21; van der Luijt, et. al., (1994) Genom 
ics 20:1-4). For PTT, RNA is initially isolated from avail 
able tissue and reverse-transcribed, and the Segment of 
interest is amplified by PCR. The products of reverse 
transcription PCR are then used as a template for nested 
PCR amplification with a primer that contains an RNA 
polymerase promoter and a Sequence for initiating eukary 
otic translation. After amplification of the region of interest, 
the unique motifs incorporated into the primer permit 
sequential in vitro transcription and translation of the PCR 
products. Upon Sodium dodecyl Sulfate-polyacrylamide gel 
electrophoresis of translation products, the appearance of 
truncated polypeptides Signals the presence of a mutation 
that causes premature termination of translation. In a varia 
tion of this technique, DNA (as opposed to RNA) is used as 
a PCR template when the target region of interest is derived 
from a Single exon. 

The methods described herein may be performed, for 
example, by utilizing pre-packaged diagnostic kits compris 
ing at least one probe nucleic acid, primer Set, and/or 
antibody reagent described herein, which may be conve 
niently used, e.g., in clinical Settings to diagnose patients 
exhibiting Symptoms or family history of glaucoma. 
Any cell type or tissue may be utilized in the diagnostics 

described below. In a preferred embodiment a bodily fluid, 
e.g., blood, is obtained from the Subject to determine the 
presence of a mutation or the identity of the allelic variant 
of a polymorphic region of a GLC1A gene. A bodily fluid, 
e.g., blood, can be obtained by known techniques (e.g. 
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Venipuncture). Alternatively, nucleic acid tests can be per 
formed on dry Samples (e.g. hair or skin). For prenatal 
diagnosis, fetal nucleic acid Samples can be obtained from 
maternal blood as described in International Patent Appli 
cation No. WO91/07660 to Bianchi. Alternatively, amnio 
cytes or chorionic Villi may be obtained for performing 
prenatal testing. 
When using RNA or protein to determine the presence of 

a mutation or of a specific allelic variant of a polymorphic 
region of a GLC1A gene, the cells or tissues that may be 
utilized must express the GLC1A gene. Preferred cells for 
use in these methods include photoreceptorS cells of retina. 
Alternative cells or tissues that can be used, can be identified 
by determining the expression pattern of the Specific GLC1A 
gene in a Subject, Such as by Northern blot analysis. 

Diagnostic procedures may also be performed in Situ 
directly upon tissue sections (fixed and/or frozen) of patient 
tissue obtained from biopsies or resections, Such that no 
nucleic acid purification is necessary. Nucleic acid reagents 
may be used as probes and/or primers for Such in Situ 
procedures (see, for example, Nuovo, G. J., 1992, PCR in 
Situ hybridization: protocols and applications, Raven PreSS, 

In addition to methods which focus primarily on the 
detection of one nucleic acid Sequence, profiles may also be 
assessed in Such detection Schemes. Fingerprint profiles may 
be generated, for example, by utilizing a differential display 
procedure, Northern analysis and/or RT-PCR. 

Antibodies directed against wild type or mutant myocilin 
polypeptides or allelic variants thereof, which are discussed 
above, may also be used in disease diagnostics and prog 
nostics. Such diagnostic methods, may be used to detect 
abnormalities in the level of myocilin polypeptide 
expression, or abnormalities in the Structure and/or tissue, 
cellular, or Subcellular location of a myocilin polypeptide. 
Structural differences may include, for example, differences 
in the size, electronegativity, or antigenicity of the mutant 
myocilin polypeptide relative to the normal myocilin 
polypeptide. Protein from the tissue or cell type to be 
analyzed may easily be detected or isolated using techniques 
which are well known to one of skill in the art, including but 
not limited to western blot analysis. For a detailed explana 
tion of methods for carrying out Western blot analysis, See 
Sambrook et al., 1989, Supra, at Chapter 18. The protein 
detection and isolation methods employed herein may also 
be Such as those described in Harlow and Lane, for example, 
(Harlow, E. and Lane, D., 1988, “Antibodies: A Laboratory 
Manual', Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y.), which is incorporated herein by reference in 
its entirety. 

This can be accomplished, for example, by immunofluo 
rescence techniques employing a fluorescently labeled anti 
body (see below) coupled with light microscopic, flow 
cytometric, or fluorimetric detection. The antibodies (or 
fragments thereof) useful in the present invention may, 
additionally, be employed histologically, as in immunofluo 
rescence or immunoelectron microScopy, for in Situ detec 
tion of myocilin polypeptides. In Situ detection may be 
accomplished by removing a histological Specimen from a 
patient, and applying thereto a labeled antibody of the 
present invention. The antibody (or fragment) is preferably 
applied by overlaying the labeled antibody (or fragment) 
onto a biological Sample. Through the use of Such a 
procedure, it is possible to determine not only the presence 
of the myocilin polypeptide, but also its distribution in the 
examined tissue. Using the present invention, one of ordi 



US 6,956,103 B2 
59 

nary skill will readily perceive that any of a wide variety of 
histological methods (such as Staining procedures) can be 
modified in order to achieve Such in Situ detection. 

Often a Solid phase Support or carrier is used as a Support 
capable of binding an antigen or an antibody. Well-known 
Supports or carriers include glass, poly Styrene, 
polypropylene, polyethylene, dextran, nylon, amylases, 
natural and modified celluloses, polyacrylamides, gabbros, 
and magnetite. The nature of the carrier can be either Soluble 
to Some extent or insoluble for the purposes of the present 
invention. The Support material may have virtually any 
possible Structural configuration So long as the coupled 
molecule is capable of binding to an antigen or antibody. 
Thus, the Support configuration may be spherical, as in a 
bead, or cylindrical, as in the inside Surface of a test tube, or 
the external Surface of a rod. Alternatively, the Surface may 
be flat Such as a sheet, test Strip, etc. Preferred Supports 
include polystyrene beads. Those skilled in the art will know 
many other Suitable carriers for binding antibody or antigen, 
or will be able to ascertain the same by use of routine 
experimentation. 
One means for labeling an anti-myocilin polypeptide 

Specific antibody is via linkage to an enzyme and use in an 
enzyme immunoassay (EIA) (Voller, “The Enzyme Linked 
Immunosorbent Assay (ELISA)', Diagnostic Horizons 
2:1-7, 1978, Microbiological Associates Quarterly 
Publication, Walkersville, Md.; Voller, et al., J. Clin. Pathol. 
31:507–520 (1978); Butler, Meth. Enzymol. 73:482–523 
(1981); Maggio, (ed.) Enzyme Immunoassay, CRC Press, 
Boca Raton, Fla., 1980; Ishikawa, et al., (eds.) Enzyme 
Immunoassay, Kgaku Shoin, Tokyo, 1981). The enzyme 
which is bound to the antibody will react with an appropriate 
Substrate, preferably a chromogenic Substrate, in Such a 
manner as to produce a chemical moiety which can be 
detected, for example, by Spectrophotometric, fluorimetric 
or by Visual means. Enzymes which can be used to detect 
ably label the antibody include, but are not limited to, malate 
dehydrogenase, Staphylococcal nuclease, delta-5-steroid 
isomerase, yeast alcohol dehydrogenase, alpha 
glycerophosphate, dehydrogenase, triose phosphate 
isomerase, horseradish peroxidase, alkaline phosphatase, 
asparaginase, glucose oxidase, beta-galactosidase, 
ribonuclease, urease, catalase, glucose-6-phosphate 
dehydrogenase, glucoamylase and acetylcholinesterase. The 
detection can be accomplished by colorimetric methods 
which employ a chromogenic Substrate for the enzyme. 
Detection may also be accomplished by Visual comparison 
of the extent of enzymatic reaction of a Substrate in com 
parison with Similarly prepared Standards. 

Detection may also be accomplished using any of a 
variety of other immunoassayS. For example, by radioac 
tively labeling the antibodies or antibody fragments, it is 
possible to detect fingerprint gene wild type or mutant 
peptides through the use of a radioimmunoassay (RIA) (see, 
for 
Radioimmunoassays, Seventh Training Course on Radioli 
gand ASSay Techniques, The Endocrine Society, March, 
1986, which is incorporated by reference herein). The radio 
active isotope can be detected by Such means as the use of 
a gamma counter or a Scintillation counter or by autorad 
iography. 

It is also possible to label the antibody with a fluorescent 
compound. When the fluorescently labeled antibody is 
exposed to light of the proper wave length, its presence can 
then be detected due to fluorescence. Among the most 
commonly used fluorescent labeling compounds are fluo 
rescein isothiocyanate, rhodamine, phycoerythrin, 
phycocyanin, allophycocyanin, o-phthaldehyde and fluores 
camine. 

example, We in traub, B., Principles of 
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The antibody can also be detectably labeled using fluo 

rescence emitting metals such as "Eu, or others of the 
lanthanide Series. These metals can be attached to the 
antibody using Such metal chelating groups as diethylen 
etriaminepentacetic acid (DTPA) or ethylenediaminetet 
raacetic acid (EDTA). 
The antibody also can be detectably labeled by coupling 

it to a chemiluminescent compound. The presence of the 
chemiluminescent-tagged antibody is then determined by 
detecting the presence of luminescence that arises during the 
course of a chemical reaction. Examples of particularly 
useful chemiluminescent labeling compounds are luminol, 
isoluminol, theromatic acridinium ester, imidazole, acri 
dinium Salt and oxalate ester. 

Likewise, a bioluminescent compound may be used to 
label the antibody of the present invention. Bioluminescence 
is a type of chemiluminescence found in biological Systems 
in, which a catalytic protein increases the efficiency of the 
chemiluminescent reaction. The presence of a biolumines 
cent protein is determined by detecting the presence of 
luminescence. Important bioluminescent compounds for 
purposes of labeling are luciferin, luciferase and aequorin. 

Moreover, it will be understood that any of the above 
methods for detecting alterations in a gene or gene product 
or polymorphic variants can be used to monitor the course 
of treatment or therapy. 

4.8.2. Pharmacogenomics 
Knowledge of the particular alteration or alterations, 

resulting in defective or deficient GLC1A genes or proteins 
in an individual (the GLC1A genetic profile), alone or in 
conjunction with information on other genetic defects con 
tributing to glaucoma (the genetic profile of glaucoma) 
allows a customization of the therapy for glaucoma to the 
individual's genetic profile, the goal of “pharmacogenom 
ics”. For example, Subjects having a Specific allele of a 
GLC1A gene may or may not exhibit Symptoms of glau 
coma or be predisposed to developing Symptoms glaucoma. 
Further, if those Subjects are Symptomatic, they may or may 
not respond to a certain drug, e.g., a Specific GLC1A 
therapeutic, but may respond to another. Thus, generation of 
a GLC1A genetic profile, (e.g., categorization of alterations 
in GLC1A genes which are associated with the development 
of glaucoma), from a population of Subjects, who are 
Symptomatic for glaucoma (a glaucoma genetic population 
profile) and comparison of an individual’s GLC1A profile to 
the population profile, permits the Selection or design of 
drugs that should be Safer and more effective for a particular 
patient or patient population (i.e., a group of patients having 
the same genetic alteration). 

For example, a GLC1A population profile can be 
performed, by determining the GLC1A profile, e.g., the 
identity of GLC1A genes, in a patient population having 
glaucoma. Optionally, the GLC1A population profile can 
further include information relating to the response of the 
population to a GLC1A therapeutic, using any of a variety 
of methods, including, monitoring: 1) the Severity of Symp 
toms associated with the GLC1A related disease, 2) GLC1A 
gene expression level, 3) GLC1A mRNA level, and/or 4) 
GLC1A protein level. and (iii) dividing or categorizing the 
population based on the particular genetic alteration or 
alterations present in its GLC1A gene or a GLC1A pathway 
gene. The GLC1A genetic population profile can also, 
optionally, indicate those particular alterations in which the 
patient was either responsive or non-responsive to a par 
ticular therapeutic. This information or population profile, is 
then useful for predicting which individuals should respond 
to particular drugs, based on their individual GLC1A profile. 
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In a preferred embodiment, the GLC1A profile is a 
transcriptional or expression level profile and step (i) is 
comprised of determining the expression level of GLC1A 
proteins, alone or in conjunction with the expression level of 
other genes, known to contribute to the same disease. The 
GLC1A profile can be measured in many patients at various 
Stages of the disease. 

Pharmacogenomic Studies can also be performed using 
transgenic animals. For example, one can produce trans 
genic mice, e.g., as described herein, which contain a 
Specific allelic variant of a GLC1A gene. These mice can be 
created, e.g., by replacing their wild-type GLC1A gene with 
an allele of the human GLC1A gene. The response of these 
mice to specific GLC1A therapeutics can then be deter 
mined. 

4.8.3. Monitoring of Effects of GLC1A Therapeutics 
During Clinical Trials 
The ability to target populations expected to show the 

highest clinical benefit, based on the GLC1A or disease 
genetic profile, can enable: 1) the repositioning of marketed 
drugs with disappointing market results; 2) the rescue of 
drug candidates whose clinical development has been dis 
continued as a result of Safety or efficacy limitations, which 
are patient Subgroup-specific, and 3) an accelerated and less 
costly development for drug candidates and more optimal 
drug labeling (e.g. Since the use of GLC1A as a marker is 
useful for optimizing effective dose). 

The treatment of an individual with a GLC1A therapeutic 
can be monitored by determining GLC1A characteristics, 
such as myocilin protein level or activity, GLC1A mRNA 
level, and/or transcriptional level. This measurements will 
indicate whether the treatment is effective or whether it 
should be adjusted or optimized. Thus, GLC1A can be used 
as a marker for the efficacy of a drug during clinical trials. 

In a preferred embodiment, the present invention provides 
a method for monitoring the effectiveness of treatment of a 
Subject with an agent (e.g., an agonist, antagonist, 
peptidomimetic, protein, peptide, nucleic acid, Small 
molecule, or other drug candidate, for example a drug 
candidate identified by the Screening assays described 
herein) comprising the Steps of (i) obtaining a preadminis 
tration Sample from a Subject prior to administration of the 
agent; (ii) detecting the level of expression of a myocilin 
protein, mRNA, or genomic DNA in the preadministration 
Sample; (iii) obtaining one or more post-administration 
Samples from the Subject; (iv) detecting the level of expres 
Sion or activity of the myocilin protein, mRNA, or genomic 
DNA in the post-administration Samples, (v) comparing the 
level of expression or activity of the myocilin protein, 
mRNA, or genomic DNA in the preadministration sample 
with the myocilin protein, mRNA, or genomic DNA in the 
post administration Sample or Samples; and (vi) altering the 
administration of the agent to the Subject accordingly. For 
example, increased administration of the agent may be 
desirable to increase the expression of a wildtype GLC1A 
gene or activity of a wildtype myocilin protein to higher 
levels than detected. Alternatively, decreased administration 
of the agent may be desirable to decrease expression of a 
mutant GLC1 A gene or activity of a mutant myocilin 
protein to lower levels than detected. 

Cells of a subject may also be obtained before and after 
administration of a GLC1A therapeutic to detect the level of 
expression of genes other than GLC1A, to Verify that the 
GLC1A therapeutic does not increase or decrease the 
expression of genes which could be deleterious. This can be 
done, e.g., by using the method of transcriptional profiling. 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

62 
Thus, mRNA from cells exposed in vivo to a GLC1A 
therapeutic and mRNA from the same type of cells that were 
not exposed to the GLC1A therapeutic could be reverse 
transcribed and hybridized to a chip containing DNA from 
numerous genes, to thereby compare the expression of genes 
in cells treated and not treated with a GLC1A therapeutic. If, 
for example a GLC1A therapeutic turns on the expression of 
a proto-oncogene in an individual, use of this particular 
GLC1A therapeutic may be undesirable. 
The present invention is further illustrated by the follow 

ing examples which should not be construed as limiting in 
any way. The contents of all cited references (including 
literature references, issued patents, published patent appli 
cations as cited throughout this application are hereby 
expressly incorporated by reference. The practice of the 
present invention will employ, unless otherwise indicated, 
conventional techniques of cell biology, cell culture, 
molecular biology, transgenic biology, microbiology, recom 
binant DNA, and immunology, which are within the skill of 
the art. Such techniques are explained fully in the literature. 
See, for example, Molecular Cloning A Laboratory Manual, 
2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold 
Spring Harbor Laboratory Press: 1989); DNA Cloning, Vol 
umes I and II (D. N. Glover ed., 1985); Oligonucleotide 
Synthesis (M. J. Gait ed., 1984); Mullis et al. U.S. Pat. No. 
4,683,195, Nucleic Acid Hybridization (B. D. Hames & S.J. 
Higgins eds. 1984); Transcription And Translation (B. D. 
Hames & S.J. Higgins eds. 1984); Culture Of Animal Cells 
(R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells 
And Enzymes (IRL Press, 1986); B. Perbal, A Practical 
Guide To Molecular Cloning (1984); the treatise, Methods In 
Enzymology (Academic Press, Inc., N.Y.); Gene Transfer 
Vectors For Mammalian Cells (J. H. Miller and M. P. Calos 
eds., 1987, Cold Spring Harbor Laboratory); Methods In 
Enzymology, Vols. 154 and 155 (Wu et al. eds.), Immu 
nochemical Methods in Cell And Molecular Biology (Mayer 
and Walker, eds., Academic Press, London, 1987); Hand 
book Of Experimental Immunology, Volumes I-IV (D. M. 
Weir and C. C. Blackwell, eds., 1986); Manipulating the 
Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1986). 
The present invention is further illustrated by the follow 

ing examples which should not be construed as limiting in 
any way. The contents of all cited references (including 
literature references, issued patents, published patent 
applications, and co-pending patent applications) cited 
throughout this application are hereby expressly incorpo 
rated by reference. 
5.1 Genetic Linkage of Familial Open Angle Glaucoma to 
Chromosome 1d21-q31 
Materials and Methods 

Pedigree 
A family in which five consecutive generations have been 

affected with juvenile-onset, open-angle glaucoma without 
iridocorneal angle abnormalities was identified. The family 
comprised descendants of a woman who emigrated from 
Germany to the midwestern United States in the late 1800s. 
The disease state in affected family members included onset 
during the first 3 decades of life, normal anterior chamber 
angles, high intraocular preSSures, lack of Systemic or other 
ocular abnormalities, and need for Surgery to control the 
glaucoma in affected individuals. A total of 35 family 
members at 50% risk for glaucoma had complete eye 
examinations including visual acuity with refraction, Slit 
lamp biomicroscopy, applanation tomometry, gonioScopy, 
Stereo disc photography and Humphrey, Goldmann or Octo 
puS perimetry. Two other affected patients were ascertained 
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by reviewing records of other ophthalmologists. Patients 
were considered to be affected for linkage if they had 
documented pressures greater than 30 mm Hg and evidence 
of optic nerve or visual field damage; or, if they had 
intraocular preSSures greater than 22 mm Hg and an obvi 
ously affected child. Affected family members are charac 
terized by an early age of diagnosis, a normal appearing 
trabecular meshwork, very high intraocular pressures (often 
above 50 mm Hg), and relatively pressure-resistant optic 
nerves. FIG. 1 is a pictorial representation of the pedigree. 
DNA Typing 
Blood samples were obtained from all living affected 

family members as well as Six Spouses of affected patients 
with children. 10 ml blood were obtained from each patient 
in EDTA-containing glass tubes. DNA was prepared from 
the blood using a non-organic extraction procedure 
(Grimberg, J. et al. Nucl. Acids Res 17,8390 (1989)). Short 
tandem repeat polymorphisms (STRPs) distributed across 
the entire autosomal genome were Selected from the litera 
ture or from those kindly provided by J. L. Weber. The 
majority were dC-dA-dG-dT dinucleotide repeats. Oli 
gonucleotide primers flanking each STRP were synthesized 
using Standard phosphoramidite chemistry (Applied BioSys 
tems model 391 DNA synthesizer). Amplification of each 
STRP was performed with 50 ng. of each patient's DNA in 
a 8.351 PCR containing each of the following: 1.251 10x 
buffer (100 mM Tris-HCl pH 8.8, 500 mM KCI, 15 mM 
MgCl, 0.01% w/v gelatin),300 Meach of dCTP, dGTP and 
dTTP, 37M dATP, 50 pmoles each primer, 0.25 1-S-dATP 
(Amersham, >1000 Cimmol), and 0.25 UTaq polymerase 

Recombination Fraction 

D1S212 
D1S215 
D1S218 
D1S238 
D1S117 
D1 S104 
D1S191. 
D1S196 

(Perkin-Elmer/Cetus). Samples were incubated in a DNA 
thermocycler (Perkin-Elmer/Cetus) for 35 cycles under the 
following conditions: 94C for 30s, 55C for 30s, and 72C 
for 30s. Following amplification, 51 of stop solution (95% 
formamide, 10 mM NaOH, 0.05% Bromophenol Blue, 
0.05% Xylene Cyanol) was added to each sample. Follow 
ing denaturation for 3 min at 95C, 51 of each sample was 
immediately loaded onto prewarmed polyacrylamide gels 
(6% polyacrylamide, 7 Murea) and electrophoresed for 3-4 
h. Gels were then placed on Whatman, 3 mm paper and dried 
in a slab gel dryer. Autoradiographs were created by expos 
ing Kodak Xomat AR film to the dried gels for 24-36 h. 

Linkage Analysis 
Genotypic data from the autoradiographs were entered 

into a Macintosh computer. A Hypercard-based program 
(Nichols, B E et al., Am J Hum Genet 51 A369 (1992)) was 
used to Store and retrieve marker data as well as to export it 
to a DOS-compatible machine for analysis with the com 
puter program LINKAGE (version 5.1) (Lathrop, G M and 
LaLouel, J M 359, 794-801 (1992)). Allele frequencies were 
assumed to be equal for each marker. The MLINK routine 
was used for pairwise analysis. The relative odds of all 
possible orders of the disease and two markers (D1S191 and 
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D1S194) was performed under the ILINK program. Signifi 
cance of linkage was evaluated using the Standard criterion 
(Z>3.0). 
Results 

Clinical Findings 
All of the 37 family members studied were at 50% risk of 

having the disease because of a known affected parent or 
Sibling. Nineteen of these patients had elevated intraocular 
preSSures and Visual field defects consistent with the diag 
nosis of primary open angle glaucoma. Three more patients 
had moderately elevated intraocular pressures and obviously 
affected children. 

Linkage Analysis 
Over 90 short tandem repeat polymorphisms were typed 

the family before linkage was detected with markers that 
map to the long arm of chromosome 1. Two-point maximum 
likelihood calculations using all available family members 
and 33 chromosome 1 markers revealed significant linkage 
to eight of them (Table 2). D1S212 was fully informative for 
all affected members of the family, and pairwise linkage 
analysis produced a lod Score of 6.5 (=0), Multipoint linkage 
analysis did not add to the peak lod Score. The glaucoma 
locus was therefore determined to be located in a region of 
about 20 centiMorgans (cM) in size between D1S191 and 
D1S194. Both of these markers demonstrated multiple 
recombinants (two and three, respectively) in affected indi 
viduals in the family. The order D1S191-glaucoma-D1S194 
was more than 1,000 times more likely than the other two 
possible orders. 

TABLE 6 

Pairwise linkage data 

0.15 0.20 0.25 0.30 0.40 Z. Locus 6 

6.0 5.4 4.8 4.2 3.6 2.9 1.4 6.5 0.00 1 
5.1 4.6 4.0 3.5 2.9 2.3 1.0 5.6 0.00 1 
4.7 4.3 3.8 3.3 2.7 2.2 1.O 5.2 O.OO 1 
4.4 4.2 3.9 3.4 29 24 12 4.4 O.O4 1 

3.8 3.6 3.3 2.8 2.3 1.8 0.7 3.8 0.04 1d 
3.2 2.9 2.6 2.3 2.0 1.6 0.7 3.4 0.00 1921–q23 
3.O 3.2 3.O 2.7 24 19 O.9 3.2 O.O9 1 
2.9 2.6 2.3 2.0 1.6 1.3 0.5 3.1 0.00 1 

Table 6 Pairwise Linkage Data 
Recombination Fraction 

O.O5 O.19 
5.2 Genetic Fine Mapping of the Juvenile Primary Open 
Angle Glaucoma Locus and Identification and Character 
ization of a Glaucoma Gene 
Once primary linkage has been identified, the next Step in 

identifying any disease gene by positional cloning is the 
narrowing of the candidate locus to the Smallest possible 
genetic region. The initial Study described in Example 5.1 
demonstrated that a primary open angle glaucoma gene lies 
within an approximately 20 cM region flanked by markers 
D1S194 and D1S191 on chromosome 1 q. Additional mark 
erS and families were obtained and used to refine the genetic 
locus to a 2.5 cM region using two of these families. The 
third family should allow the interval to be further narrowed. 

In addition to the family resources, polymorphic DNA 
markers and genetic maps were used to refine the 1d 
glaucoma locus. Using STRPs, the genotype of each family 
member was determined. Amplification of each STRP was 
performed using the following protocol: 

1) Dilute genomic DNA (about 1 g/l) 1/50 i.e. 201“stock” 
DNA and 980 dd H.O. 



US 6,956,103 B2 
65 

2) Use 2.51 of “dilute” DNA as template for PCR 
3) Prepare PCR reaction mix as follows: 

1.251 10x Buffer (Stratagene) 
0.12 1 of each primer (50 pmoles each primer) 
0.51 dNTPs (5 mMC, T., & G and 0.625 mMA “cold”) 
3.51 dd HO 
0.25 1 S-dATP 
0.1 l Taq polymerase 
oil (one drop) 

4) Perform PCR at optimal conditions for given primers 
(usually 94.30s, 55 30s and 7230s) and run for 35 
cycles. 

5) Add 51 stop solution (95% formamide, 10 mM NaOH, 
0.05% bromophenol blue, 0.05% xylene cyanol) to 
each tube. 

6) Denature samples at 95C for 3 minutes and load 
immediately onto a prewarmed polyacrylamide gel. 

7) Dry gels on Whatmann paper and expose autoradiog 
raphy film for 1-2 days. 

Where possible, multiple loadings of different STRPs on 
gels were performed. Up to 6 markers per gel have been 
successfully loaded. In addition, the PCR amplification (up 
to three markers) have been successfully multiplexed. The 
juvenile glaucoma gene is believed to lie between markers 
AFM238 and AT3 (an 8 centimorgan interval) based on 
observed recombinations within the families studied. Hap 
lotypic analysis between families has further narrowed this 
interval to the 2 centimorgan interval between D1S210 and 
AT3. 

Since the genetic interval has been narrowed significantly 
physical mapping Strategies can be used. The closest flank 
ing markers to Screen total human genomic yeast artificial 
chromosome (YAC) libraries to identify YACs mapping to 
the region of interest. The CEPH and CEPH mega-YAC 
libraries can be used for this purpose (available from the 
Centre d’Etude du Polymorphisme Humain (CEPH) Paris, 
France). Forty-four percent of the clones in the CEPH 
mega-YAC library have an average size of 560 kb, an 
additional 21% have an average size of 800 kb, and 35% 
have an average size of 120 kb. This library is available in 
a gridded micro-titer plate format such that only 50-200 
PCR reactions need to be performed using a specific 
Sequence tagged site (STS) to identify a unique YAC con 
taining the STS. The YAC contigs identified by CEPH have 
been used to begin constructing a contig acroSS the 1d 
candidate region (see FIG.3). YAC contigs using YAC ends 
can be constructed to identify additional YACs. YAC ends 
can be rescued using anchored PCR (Riley, J. et al (1990) 
Nucleic Acids Res 18:2887-2890), the ends can then be 
Sequenced and the Sequence can be used to develop a 
sequence tagged site (STS). The STS can be used to rescreen 
the YAC library to obtain an overlapping adjacent YAC. 

Because Some YACs have been shown to be chimeric or 
to contain deletions or rearrangements, particularly those 
from the mega YAC library, the correctness of each YAC 
contig should be verified by constructing a pulse field map 
of the region. In addition, chimeric YACs are minimized by 
ensuring that the YAC maps to a Single chromosome by 
fluorescent in situ hybridization (FISH) or that the two YAC 
ends map to the same chromosome using monochromo 
Somal somatic cell hybrids (NIGMs Panel 2). In addition, 
the YAC chimera problem can be minimized by not relying 
on any Single YAC to span a given chromosome Segment, 
but rather by obtaining at least two overlapping independent 
YACS to ensure coverage of a given region. 

Once a YAC contig Spanning the candidate region has 
been isolated, this reagent can be used to generate additional 
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genetic markers for potentially finer genetic mapping. In 
addition, the YACS can be used to make higher resolution 
physical mapping reagents Such as region specific lambda 
and coSmid clones. Lambda and coSmid clones can be used 
for isolation of candidate genes. A modification of “exon 
trapping” (Duyk, G. M. (1990) Proc Natl Acad Sci USA 
87:8995-8999) known as exon amplification (Buckler, A. J. 
(1991) Proc Natl AcadSci USA 88:4005-4009) can be used 
to identify exons from genes within the region. Exons 
trapped from the candidate region can be used as probes to 
screen eye cDNA libraries to isolate cDNAS. Where 
necessary, other Strategies can be utilized to identify genes 
in genomic DNA including screening cDNA libraries with 
YAC fragments Subcloned into cosmids, Zoo blot analysis, 
coincidence cloning Strategies Such as direct Selection of 
cDNAS with biotin-Streptavidin tagged cosmid clones 
(Morgan, J. G. et al (1992) Nucleic Acid Res 20 (19): 
5173–5179), and HTF island analysis (Bird, A. P. (1987) 
Trends Genet 3:342-247). Promising genes will be further 
evaluated by Searching for mutations using GC-clamped 
denaturing gradient gel electrophoresis (Sheffield, V. C. etal 
(1989) Genomics 16:325-332), single strand conformational 
gel polymorphism (SSCP) analysis (Orita, M. et al (1989) 
Proc Natl Acad Sci USA 86:2766–2770) and direct DNA 
Sequencing. 
5.3 Primer Pairs for Use in Identifying Subjects Having a 
Predisposition to Glaucoma 
Two primer pairs that can be used in conjunction with the 

polymerase chain reaction to amplify a 190 base pair 
Sequence from human genomic DNA that harbors mutations 
causing glaucoma (primers 1 and 2 in Table 7) have been 
identified. 

TABLE 7 

Primer 1 

forward-ATACTGCCTAGGCCACTGGA (SEQ ID NO.12) 
rewerse-CAATGTCCGTGTAGCCACC (SEQ ID NO. 13) 

Primer 2 

forward-GAACTCGAACAAACCTGGGA (SEQ ID NO. 14) 
reverse-CATGCTGCTGTACTTATAGCGG (SEQ ID NO.15) 

These primers were used to screen 410 patients with 
glaucoma and 81 normal individuals. Four amino acid 
altering Sequence changes were detected in a total of 12 
glaucoma patients (2.9%). No amino acid altering sequence 
changes were observed in the normal individuals. 
The prevalence of mutations in the segment of DNA 

amplified by these primer pairs Suggest that use of these 
primers in conjunction with an appropriate detection method 
can be used to identify a predisposition to glaucoma in 
approximately 100 thousand patients in the United States 
alone. 
5.4 Additional Primer Pairs and Their Use in Identifying 
Subjects Having a Predisposition to Glaucoma 
The study was approved by the Human Subjects Review 

Committee at the University of Iowa and informed consent 
was obtained from all Study participants. Primary open angle 
glaucoma was defined as the presence of an intraocular 
preSSure over 21 mm Hg as well as evidence of glaucoma 
tous optic nerve head damage. Visible optic nerve head 
damage alone was accepted if there was documented 
enlargement of the optic nerve head cup. Otherwise, both a 
large optic nerve head cup with a thin neural rim and 
characteristic optic nerve related Visual field loSS were 
required. Patients were excluded if they had a history of eye 
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Surgery prior to the diagnosis of glaucoma or evidence of 
Secondary glaucoma, Such as exfoliation or pigment disper 
Sion. Normal Volunteers were over 40 years of age, had 
intraocular pressures under 20 mm Hg, and had no family or 
personal history of glaucoma. 716 unrelated patients 
affected with primary open angle glaucoma (POAG) and 91 
Volunteers were Screened for mutations in the coding 
Sequence of the GLC1A gene. This was accomplished with 
an electrophoretic procedure known as Single Strand con 
formation polymorphism analysis (SSCP). The sequences of 
the oligonucleotide primers used for the GLC1A assay are 
presented in Table 8. 

TABLE 8 

Primer Pairs 

Exon Forward Primer Reverse Primer 

1. SEO ID No. 16 SEO ID No. 17 
1. SEO ID No. 18 SEO ID No. 19 
1. SEO ID No. 20 SEO ID No. 21 
1. SEO ID No. 22 SEO ID No. 23 
1. SEO ID No. 24 SEO ID No. 25 
1. SEO ID No. 26 SEO ID No. 27 
2 SEO ID No. 28 SEO ID No. 29 
3 SEO ID No. 30 SEO ID No. 31 
3 SEO ID No. 32 SEO ID No. 33 
3 SEO ID No. 34 SEO ID No. 35 
3 SEO ID No. 36 SEO ID No. 37 
3 SEO ID No. 38 SEO ID No. 39 
3 SEO ID No. 40 SEO ID No. 41 

Mutations were confirmed with automated DNA sequenc 
ing. 227 of the patients (32%) were ascertained because of 
a positive family history of glaucoma while 402 (56%) were 
ascertained consecutively in a single glaucoma clinic (the 
University of Iowa). Overall, 563 of the patients were 
ascertained in Iowa, 97 in Australia and the remainder from 
elsewhere in the United States. All of the normal volunteers 
were collected in Iowa. More than 75% of the patients in 
each group were Caucasian. A portion of the GLC1A gene 
had been previously evaluated for mutations in 330 of these 
same glaucoma patients and all 91 normal volunteers (see 
above). However, in this study, the entire coding region was 
evaluated. An additional 505 unrelated control individuals 
with an unknown glaucoma Status were also evaluated for 
Sequence changes. Three hundred and eighty of these control 
patients had been previously Screened for mutations in a 
portion of eXOn 3. 184 of these general population controls 
were connected in Iowa and 13 in Australia. Family mem 
bers of the probands found to harbor GLC1A sequence 
changes were also evaluated for mutations. Efforts were 
made to examine or review the medical records of all 
molecularly affected family members. The age of onset and 
the highest recorded intraocular pressures were associated 
with six different mutations were evaluated with a Kruskal 
Wallis non-parametric analysis of variance. All p values 
were two-tailed. In the four largest families, co-Segregation 
of a GLC1A mutation and the disease phenotype was 
evaluated with the LOD score method as described above 
5.5 Cloning and Sequencing Human and Mouse GLC1A and 
Northern Blot Analysis of Expression 
BAC Screening. BAC clones containing the human 

GLC1A gene were identified by screening human BAC 
library pools (Research Genetics, Huntsville, Ala.) with a 
PCR-based assay. One microliter of BAC pool DNA was 
used as template in an 8.35 ul PCR reaction containing 
1.25 ul of 10x buffer (100 mM tris-HCl, pH 8.3, 500 mM 
KCI, 15 mM MgCl); deoxynucleotides dCTP, dATP, dTTP, 
and dGTP (300 uM each); 1 pmol of each primer; and 0.25 
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units of Taq polymerase (Boehringer Mannheim, 
Indianapolis, Ind.). The primers used in the Screening assay 
were specific for exon three of GLC1A (FWD: 5 ATACT 
GCCTAGGCCACTGGA3' (SEQ ID No. 34) and REV: 5' 
CAATGTCCGTGTAGCCACC 3' (SEQ ID No. 35)). 
Samples were denatured at 94 C. for 5 minutes and incu 
bated for 35 cycles at 94° C. 30s, 55° C. 30s, 72° C. 30s 
in a DNA thermocycler (Omnigene, Teddington, Middlesex, 
UK). After amplification, 5 ul of stop solution (95% 
formamide, 10 mM NaOH 0.5% bromophenyl blue, 0.05% 
Xylene cyanol) were added. Amplification products were 
electrophoresed on 6% polyacrylamide-5% glycerol gels at 
50W for approximately 2 hours. After electrophoresis, gels 
were stained with silver nitrate (Bassam 1991). A BAC 
containing the mouse GLC1A orthologue was identified by 
screening the mouse 129 BAC library pools Research 
Genetics, Huntsville Ala.). Primers specific for exon three of 
the human GLC1A gene (FWD: 5’ TGGCTACCACGGA 
CAGTTC 3' (SEQ ID No. 36) and REV: 5’ CATTGGC 
CACTGACTGCTTA3' (SEQ ID No. 37) were used for a 
primary PCR-based screen as described above. The primary 
screen identified sub-pools of BACs which contained the 
mouse GLC1A gene. Filters blotted with the BACs in the 
Subpools (Research Genetics, Huntsville, Ala.) were 
Screened by hybridization with a digoxigenin probe using 
the Genius System hybridization kit (Boehringer Mannheim, 
Indianapolis, Ind.). Digoxigenin labeled probe for hybrid 
ization was generated by PCR amplifying 50 ng of mouse 
129 DNA in a 25 ul reaction containing 3.75 ul of 10x 
buffer; 1.5ul of labeling dNTP mixture (1 mM dATP, 1 mM 
dCTP, 1 mM dGTP 0.65 mM dTTP, and 0.35 mM of 
digoxigenin conjugated dUTP); 7.6 pmoles each of FWD 
and REV primer; and 1.25 units of Taq polymerase 
(Boehringer Mannheim, Indianapolis, Ind.). PCR reaction 
conditions were as described above. Hybridization condi 
tions were as recommended by the manufacturer. 
The human GLC1A cDNA sequence was used to select 

PCR primers that produced an amplification product of 
identical size when using both human and mouse genomic 
DNA as template. The amplification products were 
Sequenced to confirm that they were from the human 
GLC1A gene and the mouse orthologue of this gene. The 
PCR primers were then used to screen both a human and 
mouse BAC library. Both human and mouse BACs contain 
ing the GLC1A gene were identified, Subcloned into 
plasmids, and Several clones covering each GLC1A gene 
were identified. These Subclones were used to generate both 
human and mouse genomic GLC1A Sequence. 

Subcloning. The mouse and human BACs containing the 
GLC1A gene were digested with either EcoR1, Aval, Acc1, 
or BamH1 and ligated into either pT7-blue (Novagen, 
Miwaukee, Wis.) or puC19. 

Sequencing. PCR products and BAC subclones were 
Sequenced with fluorescent dideoxynucleotides on an 
Applied Biosystems (ABI) model 373 or 377 automated 
Sequencer. 
GLC1ACA Repeat Polymorphisms. The CA repeat poly 

morphism upstream of the GLC1A gene was PCR amplified 
with primers 5'-TTCCTTCAGGTTGGGAGATG-3' (SEQ 
ID No. 42) and 5'-GAGAGCACCAGGAGATGGAG-3' 
(SEQ ID No. 43). The PCR reaction conditions were as 
described in the BAC Screening Section. Allele frequencies 
for the upstream polymorphism are: Allele 1, 1.1%; Allele 2, 
2.2%; Allele 3, 48.9%; Allele 4, 1.1%; Allele 5, 21.1%; 
Allele 6, 25.6%. Allele frequencies for the downstream 
polymorphism are: Allele 1, 25.3%; Allele 2, 13%, Allele 3, 
60.3%, Allele 4, 1.4%. 
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Sequence Comparison. DNA sequences were aligned and 
contigs were formed using the Sequencher DNA analysis 
package (DNACodes, Ann Arbor, Mich.). Putative enhancer 
and promoter elements were identified using the internet 
resource TESS (http://agave.humgen.upenn.edu/uteSS/) and 
the transcription factor binding site data set TRANSFAC 
V3.2. The predicted protein Sequence was analyzed with 
PROSITE, Tmpred, NetOgly, and SignalP software pack 
ages available on the internet at http://expasy.hcuge.chsprot/ 
prosite.html; http://ulrec3.unil.ch/software/TMPED 
form.html; http://genome.cbs.dtu.dk/services/netOGLYC/; 
http://www.cbs.dtu.dk/services/SignalP/. Database searches 
for expression of the GLC1A gene used the program BLAST 
and the databases dbest and NR available on the internet at 
http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph 
blast2.Jform=0. 

Northern Blot Analysis. Human Multiple Tissue Northern 
(MTN) blots (Clontech, San Francisco, Calif.) were probed 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 43 

<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 28 OO 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

Synthetic construct 

<400 SEQUENCE: 1 

15 

70 
either with the entire human GLC1A cDNA sequence or 
with a section of exon three of the human GLC1A gene 
corresponding to codon 315 to the termination Site. The 
probes were labeled with 'P-(dCTP) using Ready-To-Go 
DNA Labeling Beads (-dCTP) (Pharmacia Biotech, 
Piscataway, N.J.). Hybridization was for 16 hours at 42 C. 
in 50% formamide, 5x standard saline citrate (5x SSC: 
0.75M sodium chloride, 0.075M sodium acetate), 1x Den 
hardt’s solution, 20 mM phosphate buffer (pH 7.5), 1% 
sodium dodecyl sulfate (SDS), 100 tug/ml salmon sperm 
DNA, and 10% dextran sulfate. Following hybridization, 
blots were washed twice at room temperature in 1x SSC, 
rinsed twice in 1X SSC/1% SDS at 65° C., and washed once 
in 0.1x SSC, 0.1% SDS to confirm the specificity of the 
hybridization. Autoradiography was performed with Kodak 
XAR-5 film at -70° C. with DuPont Cronex Lightning Plus 
intensifying screens (DuPont, Wilmington, Del.). 

OTHER INFORMATION: Description of Artificial Sequence; Note = 

agc gCagggg aggagaagaa aagagaggga tagtgtatga gCaagaaaga Cagatt Catt 60 

caagggcagt gg gaattgac cacagggatt at agtccacg tdatcc togg ttctaggagg 120 

cagggctata ttgttgggggg aaaaaatcag ttcaagg gala gtcgggagac citgatttcta 18O 

atactatatt tttcc tttac aagctgagta attctgagca agtcacaagg tagtaactga 240 

ggctgtaaga ttacittagtt to tccittatt aggaact citt tttctotgttg gagittagcag 3OO 

cacaagggca atc.ccgtttc ttittaac agg aagaaaa.cat toctaagagt aaag.ccaaac 360 

agattcaagc ctaggtott g citigacitatat gattggttitt ttgaaaaatc atttcagoga 420 

tgtttacitat citgattoaga aaatgag act agtaccctitt gg to agctgt aaacaaacac 480 

ccatttgtaa atgtc.tcaag titcaggotta acto cagaac caatcaaata agaatagaat 540 

citttagagca aactotgttt citccactctg gaggtgagtc toccagggca gtttggaaat 600 

atttact tca caagtattga cactgttgtt gg tattaa.ca acataaagtt gotcaaaggc 660 

aatcattatt to aagtggct taaagttact tctgacagtt ttggtatatt tattggctat 720 

tgccatttgc tittttgttitt ttctotttgg gtttattaat gtaaag cagg gattattaac 78O 

ctacagtcca gaaag.cctgt gaatttgaat gaggaaaaaa ttacatttitt gtttittacca 840 

ccttctaact aaatttaaca ttittattoca ttgc gaatag agccataaac toaaagtggit 9 OO 

aataacagta cotgttgattt totcattacc aatagaaatc acagacattt tatactatat 96.O 

tacagttgtt goagatacgt totaagtgaa at atttatac to aaaactac tittgaaatta 1020 

gacctcctgc tig gatcttgt ttittaacata ttaataaaac atgtttaaaa ttittgatatt 1080 

ttgataatca tatttcatta to atttgttt cotttgtaat citatattitta tatatttgaa 1140 

aac atctttctgaga agagt tocccagatt to accalatga ggttcttggc atgcacacac 1200 





gaaattaact 

citctotgttc 

taticcitat.ca 

gttgattitca 

cagtag cqcc 

tocctdggag 

ccittgtcaga 

cccacacttg 

to cacttgat 

titcatatott 

<210> SEQ ID NO 3 
&2 11s LENGTH 2000 
&212> TYPE DNA 

73 

Cagagggagg 

gcaggtotgc 

ggaggctggg 

tgtcatgtag 

ggaggagaag 

aggagtcago 

citgggctgca 

aattagatat 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note 

synthetic construct 

<400 SEQUENCE: 3 

cittacaactg 

tgcc cctoag 

ttaccatata 

acagoccitac 

tagaga.gcta 

aaccolagacg 

atcattgttct 

ttacCagg at 

acaattactg 

Caggagacca 

gaccitcatca 

citggaaag.ca 

agaactgtca 

ggagctggct 

gctgtggatg 

gtoctotcca 

cgtaag cagt 

tacaccitcag 

accotgacca 

Ctggagalaga 

to caagatgt 

CCtgggggga 

tittccaagtt 

tgtagt citga 

tatgggatgt 

cataatagitt 

aataaaaag.c 

gtaagatgca 

catalacccitt 

atactgagtg 

tgatagdaat 

tittact citat 

taccolaaaac 

agtaacttac 

atttgttctoc 

gtgtttggaa 

gtggagaact 

gCaagtatgg 

Cgtggaga at 

gccagttitat 

Cgggtgctgt 

taagatatga 

accacggaca 

aag caggcct 

aactgaacco 

cagtc.gc.caa 

cagatgctac 

toccattcaa. 

agctctittgc 

gaaaag.ccitc 

gCaggctgaa 

titcaittaatc 

ggg.cgtagac 

ttaatgacat 

tottcctgaa 

atalactitcta 

tttactacag 

tacattgttga 

aattgtactt 

aattgtcaat 

accalagcact 

act attagta 

tgaaagttcac 

agggctgtca 

agattatgga 

agtttgggta 

tgttgttggatg 

cgacacagtt 

gCagggctac 

ggtgtact.cg 

gctgaatacc 

gttcc.cgitat 

citgggtoatt 

agagaatctg 

tgccttcatc 

cgtcaactitt 

galacc.gctat 

citgggacaac 

caagctgtac 

gggaga.gc.ca 

Cagaaggatg 

aattit catat 

agttcaagtt 

aac cattgct 

aaggalagcag 

ttggcttcta 

aataaaattit 

taalatattitt 

aac atgaaac 

talacatatat 

toccottitta 

acago cagog 

catct actogg 

ttaagtggtg 

ggaga.gc.ctc 

cgaga.ccc.ca 

ggCacggatg 

ccittctaagg 

gggagccitct 

gaga.ca.gtga 

tottggggtg 

tacago accg 

gaacticgaac 

atctgtggca 

gct tatgaca 

aagtacagoa 

ttgaacatgg 

aggcaatggC 

gcc agcCagg 

aac atggtoa 

aataaatato 

ttcttgttgat 

cittgcatgtt 

aatag citcct 

atgcttcaga 

tottacccala 

US 6,956,103 B2 

-continued 

aggalacagaa 

cittitcc.ctaa 

Cagggcaaga 

actitgagaag 

atagotccca 

acagattgat 

aattacattt 

cacatgc gat 

ggtggtagag 

citctgccaag 

cittcgttittc 

toacgct gag 

agcccaccita 

to C go caggt 

titcacatact 

attitcCaggg 

aggct gagaa 

gctacacgga 

atgaggccala 

aaacctggga 

ccttgtacac 

CaggCacagg 

gcatgattga 

toactitatga 

agalaggagat 

gccCagg Cag 

ccatctaact 

cittitatotto 

ttggggcaaa 

acatggittac 

citggc.ca.gca 

tagaatacag 

cgttctottc 

citotototot 

caaag.ccctic 

tgagagatgt 

ttacatttitt 

citcccatgca 

catatagoat 

aaaatttaca 

aactgaggcg 

cctag ctitta 

cittcc.gcatg 

ttittctgaat 

aacag cagaa 

cc.ccitacacic 

ttittgagtat 

gcc taggcca 

cgctgagtc.c 

ggaaatc.cct 

cattgacittg 

aggtgcc att 

gacaaac atc 

cgtcago agc 

tat cagoaag 

citacaa.ccc.c 

catcaa.gctc 

gcticagggct 

citttgactg.c 

attcaggaat 

tgtcago att 

agctgta agg 

cacaa.gc.cac 

to gaatataa 

ttgggtotca 

cittgaactitt 

480 

540 

600 

660 

680 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

O20 

14 O 

200 

260 

320 

4 40 

5 OO 

560 

680 

740 

74 



US 6,956,103 B2 
75 

-continued 

gtgg gaatct ttgcttaaga gaaggatata gatto.ca acc atcaggtaat toctitcaggt 1800 

tgggagatgt gattgcagga tigittaaaggt ggtgttgttgtg totgtgttgttg totgtgtaac 1860 

tgagaggott gtgcctggitt ttgaggtgct gcc caggatg acgc.caa.gca aatagoagca 1920 

to cacactitt cocaccitcca totcctggtg citctogg cac taccggagca atcttitccat 1980 

citctoccotg aaccoaccct 2OOO 

<210> SEQ ID NO 4 
&2 11s LENGTH 2800 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 4 

tacct g g tac ttgttggctd gccaatctaa ccaaatcagt gatcc ccaag citcago.gaga 60 

caatcc.gtct caaaaaaa.ca aagtggagaa taaagaaga caacgc.ctga cataagcctic 120 

tagctoacac acacacacac acacacacgc ctatacacat gagtgtgcac ccacccaggt 18O 

gaacgcagat gcacacatac coccacccaca caagaatgga tittagagcaa gaggc acttg 240 

citcagt ctitc aggcgaatct gctatoggaa catcagagaa atttatcaca cagatat cac 3OO 

aaatgctatt attagt atct gagaaccalag ttgctcaaat gcaaatgttg citctaaggaa 360 

CCCatgaggg ggCagtgagg toggctgagag ggggaggtgc titagtgagca ggCCttacag 420 

actgaggtoa gtcCCtaaag CCC atgccag gaggagagaa citggacccca aaagttgtcC 480 

totgaccaca acacgg catg catggcc.cat gtgtgct cat ataccc.ccca tatgagcaca 540 

caccagtaag taalacattta taaagatgtt catgaggctt coacgcacac actggctitat 600 

gtgaacttct gacaag cctt got acttggit acttggttct cotgcttggt tittggtttitt 660 

ttcatttatc ttatttittitt atttggagga aggtgttgttgt gtgttgttgttgt citctotgttgt 720 

gtgttgtctgt gtgtgttgttgt gtgttgttgtt gttgttgttg ttgttgacag tittcttttitt 78O 

taggagaagt citcattatac td.cccagttg ttcttgaact citttittgaga cittaacaatt 840 

cc citta catt gcattcaaag tagtgggcto tctittgaaaa goggagtact a ttagottaca 9 OO 

gcc.cgtgaat ttgaattagt aagtaaacta aatctocatt ttcacaacct tctoacticag 96.O 

ttatttcatc. tccitcatgga tagctaccta aacctaaagt tatgataaca atacctgitat O20 

tittcatcc ct atgttacagt togatacaggt titcatgaaat actgtgtata citcaaaagta O8O 

citttaaaatt aag cottatgttgaatagot tatgtag cat acacttctgg catttaaata 14 O 

ttitt catatt gctaactaaa taacgtgttt citttgagtcc titacgttitta tacgtttgga 200 

gttatctt to a gaggtgggc acacaggttt caccc.gtagg gtttgggggg cacactcatc 260 

citaaag.cctg gtccagag cattggcacagg titcct gagac aagagctgtg gttagggagc 320 

ttittctgagg atgttcacag gtttattota aatctagggc aacatcatgttctdatcccc 38O 

totgtaggaa ccaggagcct ggagg cattg ggctotccitt togg actottc titcgtc.tctg 4 40 

citacaggacg tdtctactica gg catgtctg. tcticccitagt to cittatgct g g to cagtga 5 OO 

aacacaaaat agacittatat coctottcaa act agdacac aaccagottc. tcc totcaga 560 

caaggtgcgc atatgttcac aag cacacac aaacagacita gaaacttagg ggittattatt 62O 

gggatgtggg gtacatgcac ggggacittct aaaaagaaaa taaattcaaa atagoctoc g 680 

gcactttgtt tittaaag act cittgctggca gtgtgagtgt aatcc tocta toccc.ccatg 740 

76 



gctggtocaa 

caggatatat 

ccittgcagga 

gcacgctgct 

ttggtgtggg 

cgatgccaat 

caggcc atgt 

gagtccacca 

cgagttactg 

agagaacggg 

cittc gagata 

ttggcc agga 

cct tccaccc. 

gggtggagtg 

cc.caggct to 

gtttcattaa 

ttaggtoagt 

caaatgacaa 

cccagottca 

aaatgtctitt 

gaacttitcca 

gCagctgtgg 

gaatgggggc 

acaccittcac 

cago catcca 

aggc.ccgggt 

ggaccCagga 

accagotgga 

agtcggctitt 

ggctagaaag 

agtaccccitc 

gcc acctgac 

tacttctgtt 

ggaga.gcaaa 

ggatctgagc 

acatgggg CC 

<210 SEQ ID NO 5 
&2 11s LENGTH 680 
&212> TYPE DNA 

77 

tgtgatcacc 

ggactitcagg 

gaagaaac ct 

toccaagatg 

Cagga cagca 

tgtggc.cago 

agaccittcag 

cagat.ccctg 

ggCCC aagag 

gacccaaacc 

agaggaagag 

Cagcago gag 

to aggacatg 

ccagaaggta 

ttgtc.tttitc 

gcaaacactt 

tottgttgccc 

aggtogCaga 

totocotoco 

cittgagc.cag 

caccoagcct 

ccagotcitcc 

cagttcc gaa 

cc caatgaat 

agaga Cagca 

gag agtc.tcc 

gggct gCagg 

agg gatctgg 

alagaggcago 

gaggtaacaa 

citgcc aggct 

gcaagtttgc 

totcagaaac 

ttgcatgctt 

agt catgaca 

tacatatgat 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 5 

aagctttitta 

taccaacgtg 

catcaccctic 

totttgaata 

gagitta acto 

agcaaagaag 

citc.tcc citct 

coctototoc 

atgtgtgttgt 

tgttctgtgt 

C Caagg Caga 

tactggaagc 

attatgccala 

gttcagtcat 

cacagagticc 

cagtctdtca 

aggttcct gc 

gagacaaagg 

citcoctotct 

cotcitc.ccct 

gtgtgtgttgt 

toagttcgga 

gttggggaga 

caaccttgga 

<210> SEQ ID NO 6 
&2 11s LENGTH 1456 
&212> TYPE DNA 

tittctoccc.g 

gttacatctt 

gttcttgttgc 

gtggaatttg 

titc.ccalaatc 

tatgaagtta 

coctototoc 

coccotctoo 

gtgtgtgttgt 

aagagcaact 

aggaagctga 

attgagacca 

cagataacaa 

cotttctact 

gacac gttgg 

ttgaaggaaa 

gacittctocc 

citotic toccit 

citccctgttgt 

gtgtgtgcat 

gttcacccag 

aac citgtctg 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

US 6,956,103 B2 

-continued 

to cacacagg 

cagggccacc 

ccacactgct 

atctgctgtt 

aggccaatga 

ctagotgcc.c 

gcatccago a 

tdcaccagat 

gcc agttggg 

agg cagocta 

tggaacaaga 

ggctg.cggag 

cCagg galagg 

tggtgaccca 

tgcaaatcca 

citagaaagtt 

aaatgat cat 

to accotagt 

gtatttggga 

acaagtgc.ca 

cct tccagga 

atcCatctgg 

ttittgagcct 

citotic cotct 

gtgtgtgtga 

gtgcgtgtgc 

alagagalagac 

citgccttittc 

gctgggtocc 

catccagaca 

gtoctitctdt 

totggcctgc 

toggagtggC 

aagggaggac 

tgcag accta 

gaccttgggc 

tgcc.ctgagg 

taacaatcto 

gaatgaagat 

gggc.ca.gtgt 

taagagtgca 

ttacagg acc 

gcatgcagta 

ggctocittgt 

ggcc.cacago 

to caatgagc 

acatato: aaa. 

attittittcto 

attgaagttca 

cc gacccagg 

acctggcctic 

citcoctotot 

gtgcatgitat 

atgtatacct 

aggtgattoc 

tag acatatg 

1800 

1860 

1920 

1980 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 

252O 

258O 

264 O 

27 OO 

276 O. 

2800 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

680 

78 





tat 

agC 
Ser 
65 

Cala 

Glin 

agC 
Ser 

acc 

Thr 

gac 
Asp 

citc. 
Teu 
145 

Cala 

Glin 

gta 
Wall 

Cgg 
Arg 

act 
Thr 

too 
Ser 
225 

gga 
Gly 

citg 
Teu 

gac 
Asp 

gac 
Asp 

agC 
Ser 
305 

cca 

Pro 

Cag 
Glin 

a Ca 

Thr 

acc 

Thr 
5 O 

Cag 
Glin 

cgc 
Arg 

citc. 
Telu 

Cag 
Glin 

Cag 
Glin 
130 

citc. 
Telu 

gaa 
Glu 

gCa 
Ala 

gct 
Ala 

ttg 
Telu 
210 

cga. 
Arg 

gac 
Asp 

aga 
Arg 

coc 

Pro 

aca 

Thr 
29 O 

Cag 
Glin 

citg 
Telu 

ggC 
Gly 

gtg 
Wall 

titc. 
Phe 

gcc 
Ala 

tta 
Telu 

citc. 
Telu 

gag 
Glu 
115 

citg 
Telu 

cga. 
Arg 

aat 
Asn 

agg 
Arg 

gtg 
Wall 
195 

gcc 
Ala 

att 
Ile 

acc 

Thr 

aca 

Thr 

aag 
Lys 
275 

gtt 
Wall 

titt 
Phe 

gaa 
Glu 

gct 
Ala 

aag 
Lys 

agt 
Ser 

atg 
Met 

gac 
Asp 

cac 

His 
100 

ggg 
Gly 

gaa 
Glu 

gac 
Asp 

gag 
Glu 

citg 
Telu 
18O 

cca 

Pro 

titc. 
Phe 

ttg 
Telu 

gga 
Gly 

gCa 
Ala 
260 

coc 

Pro 

ggC 
Gly 

atg 
Met 

agc 
Ser 

gag 
Glu 
340 

gct 
Ala 

gtg 
Wall 

toa 
Ser 

citg 
Teu 
85 

Cala 

Glin 

citg 
Teu 

acc 

Thr 

aag 
Lys 

aat 
Asn 
1.65 

aga 

cca 

Pro 

Cag 
Glin 

aag 
Lys 

tgt 
Cys 
245 

gaa 
Glu 

acc 

Thr 

acg 
Thr 

Cag 
Glin 

acg 
Thr 
325 

too 
Ser 

gag 
Glu 

gcc 
Ala 

gto 
Wall 
70 

gag 
Glu 

Teu 

Cag 
Glin 

Cala 

Glin 

toa 
Ser 
15 O 

citg 
Teu 

agg 
Arg 

ggC 
Gly 

gaa 
Glu 

gag 
Glu 
230 

gga 
Gly 

a Ca 

Thr 

tac 

gat 
Asp 

ggC 
Gly 
310 

ggit 
Gly 

aga 
Arg 

aag 
Lys 

81 

agt 
Ser 
55 

atc 
Ile 

gcc 
Ala 

acc 

Thr 

agg 
Arg 

acc 

Thr 
135 

gtt 
Wall 

gcc 
Ala 

ggC 
Gly 

too 
Ser 

citg 
Teu 
215 

agC 
Ser 

gaa 
Glu 

att 
Ile 

cco 

Pro 

gto 
Wall 
295 

tac 
Tyr 

gct 
Ala 

act 
Thr 

gaa 
Glu 

coc 

Pro 

cat 
His 

acc 

Thr 

ttg 
Telu 

gag 
Glu 
120 

aga 
Arg 

citg 
Telu 

agg 
Arg 

Cag 
Glin 

aga 
Arg 
200 

aag 
Lys 

cca 

Pro 

cita 
Telu 

act 
Thr 

tac 
Tyr 
280 

Arg 

cost 
Pro 

gtg 
Wall 

gtc 
Wall 

atc 
Ile 

aat 
Asn 

aac 

Asn 

a.a.a. 

Lys 

gac 
Asp 
105 

citg 
Telu 

gag 
Glu 

gag 
Glu 

agg 
Arg 

Cys 
185 

gaa 
Glu 

to c 
Ser 

tot 
Ser 

gtt 
Wall 

ggC 
Gly 
265 

acc 

Thr 

Cag 
Glin 

tot 
Ser 

gtg 
Wall 

ata 
Ile 
345 

cost 
Pro 

gaa 
Glu 

tta 
Telu 

gct 
Ala 
90 

Cag 
Glin 

ggC 
Gly 

ttg 
Telu 

gaa 
Glu 

ttg 
Telu 
170 

coc 

Pro 

gtt 
Wall 

gag 
Glu 

ggC 
Gly 

tgg 
Trp 
250 

aag 
Lys 

Cag 
Glin 

gtt 
Wall 

aag 
Lys 

tac 
Tyr 
330 

aga 
Arg 

gga 
Gly 

too 
Ser 

Cag 
Glin 
75 

cga 
Arg 

gct 
Ala 

acc 

Thr 

gag 
Glu 

gag 
Glu 
155 

gaa 
Glu 

Cag 
Glin 

tot 
Ser 

cita 
Teu 

tat 
Tyr 
235 

gta 
Wall 

tat 

gag 
Glu 

titt 
Phe 

gtt 
Wall 
315 

tog 
Ser 

tat 

gct 
Ala 

US 6,956,103 B2 

-continued 

agC 
Ser 
60 

aga 
Arg 

citc. 
Teu 

gcc 
Ala 

citg 
Teu 

act 
Thr 
1 4 0 

aag 

agC 
Ser 

acc 

Thr 

acg 
Thr 

act 
Thr 
220 

citc. 
Teu 

gga 
Gly 

ggit 
Gly 

acc 

Thr 

gag 
Glu 
3OO 

cac 

His 

ggg 
Gly 

gag 
Glu 

ggC 
Gly 

tgc 
Cys 

gac 
Asp 

agC 
Ser 

agg 
Arg 

agg 
Arg 
125 

gcc 
Ala 

aag 

agC 
Ser 

Cga 
Arg 

tgg 
Trp 
2O5 

gaa 
Glu 

agg 
Arg 

gag 
Glu 

gtg 
Wall 

acg 
Thr 
285 

tat 

alta 
Ile 

agC 
Ser 

citg 
Teu 

tac 

cca 

Pro 

agc 
Ser 

to c 
Ser 

coc 

Pro 
110 

cgg 
Arg 

tac 

cga 
Arg 

agc 
Ser 

gac 
Asp 
19 O 

aat 
Asn 

gtt 
Wall 

agt 
Ser 

cost 
Pro 

tgg 
Trp 
27 O 

tgg 
Trp 

gac 
Asp 

citg 
Telu 

citc. 
Telu 

aat 
Asn 
35 O 

cac 

His 

gag 
Glu 

agc 
Ser 

citg 
Telu 
95 

Cag 
Glin 

gag 
Glu 

agc 
Ser 

cita 
Telu 

Cag 
Glin 
175 

act 
Thr 

ttg 
Telu 

cost 
Pro 

gga 
Gly 

citc. 
Telu 
255 

atg 
Met 

aga 
Arg 

citc. 
Telu 

cost 
Pro 

tat 
Tyr 
335 

acc 

Thr 

gga 
Gly 

Cag 
Glin 

acc 

Thr 
8O 

gag 
Glu 

gag 
Glu 

cgg 
Arg 

aac 

Asn 

agg 
Arg 
160 

gag 
Glu 

gct 
Ala 

gac 
Asp 

gct 
Ala 

gag 
Glu 
240 

acg 
Thr 

cga. 
Arg 

atc 
Ile 

atc 
Ile 

agg 
Arg 
320 

titc. 
Phe 

gag 
Glu 

Cag 
Glin 

192 

240 

288 

336 

384 

432 

480 

528 

576 

624 

672 

720 

768 

816 

864 

912 

96.O 

1008 

1056 

110 4 

82 



titc. 
Phe 

gaa 
Glu 
385 

att 
Ile 

tgg 
Trp 

tgt 
Cys 

gto 
Wall 

atc 
Ile 
465 

cco 

Pro 

tat 

<400 

Met 

Ala 

Arg 

Ser 
65 

Glin 

Ser 

Thr 

Asp 

Teu 
145 

cc.g 
Pro 
370 

gCa 
Ala 

gtc 
Wall 

gag 
Glu 

ggC 
Gly 

aac 

Asn 
450 

cca 

Pro 

citg 
Telu 

gac 
Asp 

355 

tat 

ggC 
Gly 

citc. 
Telu 

aca 

Thr 

acc 

Thr 
435 

titt 
Phe 

titc. 
Phe 

gag 
Glu 

atc 
Ile 

tot 
Ser 

citc. 
Telu 

to c 
Ser 

aac 

Asn 
420 

ttg 
Telu 

gct 
Ala 

aag 
Lys 

aag 
Lys 

aag 
Lys 
5 OO 

tgg 
Trp 

tgg 
Trp 

a.a.a. 

Lys 
405 

atc 
Ile 

tac 
Tyr 

tat 
Tyr 

aac 

Asn 

aag 
Lys 
485 

citc. 
Teu 

SEQ ID NO 8 
LENGTH 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence; 

504 
PRT 

ggit 
Gly 

gto 
Wall 
390 

citg 
Teu 

cgt. 
Arg 

acc 

Thr 

gac 
Asp 

cgc 
Arg 
470 

citc. 
Teu 

too 
Ser 

83 

ggC 
Gly 
375 

att 
Ile 

aac 

Asn 

aag 
Lys 

gto 
Wall 

a Ca 

Thr 
455 

tat 
Tyr 

titt 
Phe 

aag 
Lys 

synthetic construct 

Arg 

Wall 

Thr 

Thr 
5 O 

Glin 

Arg 

Telu 

Glin 

Glin 
130 

Telu 

Phe 

Glin 

Ala 
35 

Phe 

Ala 

Telu 

Telu 

Glu 
115 

Telu 

Arg 

SEQUENCE: 

Phe 

Telu 

Glin 

Ser 

Met 

Asp 

His 
100 

Gly 

Glu 

Asp 

8 

Cys 
5 

Teu 

Teu 

Wall 

Ser 

Teu 
85 

Glin 

Teu 

Thr 

Lys 

Ala 

Teu 

Ala 

Wall 
70 

Glu 

Teu 

Glin 

Glin 

Ser 
15 O 

Arg 

Teu 

Ser 
55 

Ile 

Ala 

Thr 

Arg 

Thr 
135 

Wall 

360 

tac 
Tyr 

tac 
Tyr 

cca 

Pro 

Cag 
Glin 

agc 
Ser 
4 40 

ggC 
Gly 

aag 
Lys 

gcc 
Ala 

atg 
Met 

Cys 

Ala 

Ala 
40 

Pro 

His 

Thr 

Telu 

Glu 
120 

Telu 

acg 
Thr 

agc 
Ser 

gag 
Glu 

toa 
Ser 
425 

agc 
Ser 

aca 

Thr 

tac 

tgg 
Trp 

Cys 

Cys 
25 

Asn 

Asn 

Asn 

Asp 
105 

Telu 

Glu 

Glu 

gac 
Asp 

acc 

Thr 

aat 
Asn 
410 

gtc 
Wall 

tac 
Tyr 

ggit 
Gly 

agc 
Ser 

gac 
Asp 
490 

Ser 
10 

Telu 

Asp 

Glu 

Telu 

Ala 
90 

Glin 

Gly 

Telu 

Glu 

att 
Ile 

gat 
Asp 
395 

citg 
Teu 

gcc 
Ala 

acc 

Thr 

atc. 
Ile 

agC 
Ser 
475 

aac 

Asn 

Phe 

Wall 

Glin 

Ser 

Glin 
75 

Arg 

Ala 

Thr 

Glu 

Glu 
155 

US 6,956,103 B2 

-continued 

gac 
Asp 
38O 

gag 
Glu 

gaa 
Glu 

aat 
Asn 

toa 
Ser 

agC 
Ser 
460 

atg 
Met 

ttg 
Teu 

Gly 

Trp 

Ser 

Ser 
60 

Arg 

Teu 

Ala 

Teu 

Thr 
1 4 0 

365 

ttg 
Teu 

gcc 
Ala 

citc. 
Teu 

gcc 
Ala 

gCa 
Ala 
4 45 

aag 
Lys 

att 
Ile 

aac 

Asn 

Pro 

Asp 

Gly 
45 

Asp 

Ser 

Arg 

Arg 
125 

Ala 

gct 
Ala 

a.a.a. 

gaa 
Glu 

titc. 
Phe 
43 O 

gat 
Asp 

acc 

Thr 

gac 
Asp 

atg 
Met 

Glu 

Wall 

Arg 

Pro 

Ser 

Ser 

Pro 
110 

Arg 

Arg 

gtg 
Wall 

ggit 
Gly 

Cala 

Glin 
415 

atc 
Ile 

gct 
Ala 

citg 
Telu 

tac 

gtc 
Wall 
495 

Met 
15 

Gly 

Glu 

Ser 

Telu 
95 

Glin 

Glu 

Ser 

Telu 

gat 
Asp 

gcc 
Ala 
400 

acc 

Thr 

atc 
Ile 

acc 

Thr 

acc 

Thr 

aac 

Asn 
480 

act 
Thr 

Note 

Pro 

Ala 

Glin 

Glin 

Thr 

Glu 

Glu 

Arg 

Asn 

Arg 
160 

152 

200 

248 

296 

344 

392 

4 40 

488 

515 



Glin 

Wall 

Arg 

Thr 

Ser 
225 

Gly 

Teu 

Asp 

Asp 

Ser 
305 

Pro 

Glin 

Thr 

Phe 

Glu 
385 

Ile 

Trp 

Wall 

Ile 
465 

Pro 

Glu 

Ala 

Ala 

Telu 
210 

Arg 

Asp 

Arg 

Pro 

Thr 
29 O 

Glin 

Telu 

Gly 

Wall 

Pro 
370 

Ala 

Wall 

Glu 

Gly 

Asn 
450 

Pro 

Telu 

Asp 

Asn 

Arg 

Wall 
195 

Ala 

Ile 

Thr 

Thr 

Lys 
275 

Wall 

Phe 

Glu 

Ala 

Lys 
355 

Gly 

Telu 

Thr 

Thr 
435 

Phe 

Phe 

Glu 

Ile 

Glu 

Telu 
18O 

Pro 

Phe 

Telu 

Gly 

Ala 
260 

Pro 

Gly 

Met 

Ser 

Glu 
340 

Ala 

Ser 

Telu 

Ser 

Asn 
420 

Telu 

Ala 

Lys 
5 OO 

DNA 

Asn Lieu 
1.65 

Pro Gly 

Glin Glu 

Lys Glu 
230 

Cys Gly 
245 

Glu Thr 

Thr Tyr 

Thr Asp 

Glin Gly 
310 

Thr Gly 
325 

Ser Arg 

Glu Lys 

Trp Gly 

Trp Val 
390 

Lys Lieu 
405 

Ile Arg 

Tyr Thr 

Tyr Asp 

Asn Arg 
470 

Lys Lieu 
485 

Teu Ser 

SEQ ID NO 9 
LENGTH 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence; Note 

1473 

85 

Ala 

Gly 

Ser 

Teu 
215 

Ser 

Glu 

Ile 

Pro 

Wall 
295 

Tyr 

Ala 

Thr 

Glu 

Gly 
375 

Ile 

Asn 

Lys 

Wall 

Thr 
455 

Tyr 

Phe 

Lys 

synthetic construct 
FEATURE: 

NAME/KEY: misc feature 
LOCATION: 
OTHER INFORMATION CDS 

1... 1470 

Glin Cys 
185 

Arg Glu 
200 

Lys Ser 

Pro Ser 

Leu Wall 

Thr Gly 
265 

Tyr Thr 
280 

Arg Glin 

Pro Ser 

Wal Wall 

Wall Ile 
345 

Ile Pro 
360 

Tyr Thr 

Tyr Ser 

Pro Glu 

Glin Ser 
425 

Ser Ser 
4 40 

Gly Thr 

Lys Tyr 

Ala Trp 

Met 

Telu 
170 

Pro 

Wall 

Glu 

Gly 

Trp 
250 

Lys 

Glin 

Wall 

Lys 

Tyr 
330 

Arg 

Gly 

Thr 

Asn 
410 

Wall 

Tyr 

Gly 

Ser 

Asp 
490 

Glu 

Glin 

Ser 

Teu 

Tyr 
235 

Wall 

Glu 

Phe 

Wall 
315 

Ser 

Ala 

Ile 

Asp 
395 

Teu 

Ala 

Thr 

Ile 

Ser 
475 

Asn 

US 6,956,103 B2 

-continued 

Ser 

Thr 

Thr 

Thr 
220 

Teu 

Gly 

Gly 

Thr 

Glu 

His 

Gly 

Glu 

Gly 

Asp 

Glu 

Glu 

Asn 

Ser 

Ser 
460 

Met 

Teu 

Ser 

Arg 

Trp 

Glu 

Arg 

Glu 

Wall 

Thr 
285 

Ile 

Ser 

Teu 

Tyr 
365 

Teu 

Ala 

Teu 

Ala 

Ala 
4 45 

Ile 

Asn 

Ser 

Asp 
19 O 

Asn 

Wall 

Ser 

Pro 

Trp 
27 O 

Trp 

Asp 

Telu 

Telu 

Asn 
35 O 

His 

Ala 

Glu 

Phe 
43 O 

Asp 

Thr 

Asp 

Met 

Glin 
175 

Thr 

Telu 

Pro 

Gly 

Telu 
255 

Met 

Arg 

Telu 

Pro 

Tyr 
335 

Thr 

Gly 

Wall 

Gly 

Glin 
415 

Ile 

Ala 

Telu 

Wall 
495 

Glu 

Ala 

Asp 

Ala 

Glu 
240 

Thr 

Arg 

Ile 

Ile 

Arg 
320 

Phe 

Glu 

Glin 

Asp 

Ala 
400 

Thr 

Ile 

Thr 

Thr 

Asn 
480 

Thr 

86 





US 6,956,103 B2 
89 

-continued 

Pro Arg Ala Leu Glu Ser Thr Gly Ala Val Val Tyr Ala Gly Ser Leu 
305 310 315 320 

tat titc cag ggg gct gag toc aga act gt g g to agg tat gag cita gac OO 8 
Tyr Phe Glin Gly Ala Glu Ser Arg Thr Val Val Arg Tyr Glu Leu Asp 

325 330 335 

acg gag acc gtg aag goa gag aag gala att cott goa gct ggc tac cac O56 
Thr Glu Thr Val Lys Ala Glu Lys Glu Ile Pro Gly Ala Gly Tyr His 

340 345 35 O 

gga cac titc cc g tac gog tog ggt ggc tac acia gac att gac tta got 104 
Gly His Phe Pro Tyr Ala Trp Gly Gly Tyr Thr Asp Ile Asp Leu Ala 

355 360 365 

gtg gat gag agc ggC Ctc togg gtc at C tac agc acg gag gala gCC aag 152 
Val Asp Glu Ser Gly Leu Trp Val Ile Tyr Ser Thr Glu Glu Ala Lys 

370 375 38O 

ggg gCC at a gtc. citc. tcc aaa ttgaac coa gog aac citg gaa citt gag 200 
Gly Ala Ile Val Lieu Ser Lys Lieu. Asn Pro Ala Asn Lieu Glu Lieu Glu 
385 390 395 400 

cgt acc togg gag act aac atc cqt aag cag tot gtg gcc aat gcc titt 248 
Arg Thr Trp Glu Thr Asn. Ile Arg Lys Glin Ser Val Ala Asn Ala Phe 

405 410 415 

gtt atc togt ggc atc ttg tac acg gtg agc agc tac tot to a gcc cat 296 
Val Ile Cys Gly Ile Leu Tyr Thr Val Ser Ser Tyr Ser Ser Ala His 

420 425 43 O 

gca acc gtc. aac titc gcc tac gac act aaa acg ggg acc agt aag acc 344 
Ala Thr Val Asin Phe Ala Tyr Asp Thr Lys Thr Gly Thr Ser Lys Thr 

435 4 40 4 45 

citg acc atc coa titc acg aat cqc tac aag tac agc agt atg att gac 392 
Leu Thir Ile Pro Phe Thr Asn Arg Tyr Lys Tyr Ser Ser Met Ile Asp 

450 455 460 

tac aac coc citg gag agg aag citg titt goc togg gac aac titc aac atg 4 40 
Tyr Asn Pro Leu Glu Arg Lys Lieu Phe Ala Trp Asp Asn. Phe Asn Met 
465 470 475 480 

gto: acc tat gat atc aag citc ttg gag at g toga 473 
Val Thr Tyr Asp Ile Lys Lieu Lieu Glu Met 

485 490 

<210> SEQ ID NO 10 
&2 11s LENGTH 490 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

<400 SEQUENCE: 10 

Met Pro Ala Leu. His Leu Leu Phe Leu Ala Cys Leu Val Trp Gly Met 
1 5 10 15 

Gly Ala Arg Thr Ala Glin Phe Arg Lys Ala Asn Asp Arg Ser Gly Arg 
2O 25 3O 

Cys Glin Tyr Thr Phe Thr Val Ala Ser Pro Asn Glu Ser Ser Cys Pro 
35 40 45 

Arg Glu Asp Glin Ala Met Ser Ala Ile Glin Asp Leu Glin Arg Asp Ser 
5 O 55 60 

Ser Ile Gln His Ala Asp Lieu Glu Ser Thr Lys Ala Arg Val Arg Ser 
65 70 75 8O 

Leu Glu Ser Leu Lleu. His Gln Met Thr Leu Gly Arg Val Thr Gly. Thr 
85 90 95 

Glin Glu Ala Glin Glu Gly Lieu Glin Gly Glin Leu Gly Ala Lieu Arg Arg 
100 105 110 

90 



Glu 

Asn 

Teu 
145 

Glu 

Pro 

Teu 

Pro 

Lys 
225 

Wall 

Met 

Arg 

Glin 

Pro 
305 

Thr 

Gly 

Wall 

Gly 
385 

Arg 

Wall 

Ala 

Teu 

Tyr 
465 

Wall 

Arg 

Asn 
130 

Glu 

Glu 

Ser 

Asp 

Ala 
210 

Glu 

Thr 

Arg 

Ile 

Ile 
29 O 

Arg 

Phe 

Glu 

His 

Asp 
370 

Ala 

Thr 

Ile 

Thr 

Thr 
450 

Asn 

Thr 

Asp 
115 

Telu 

Glin 

Wall 

Glin 

Thr 
195 

Ser 

Gly 

Telu 

Asp 

Asp 
275 

Ser 

Ala 

Glin 

Thr 

Phe 
355 

Glu 

Ile 

Trp 

Wall 
435 

Ile 

Pro 

Glin 

Telu 

Glu 

Thr 

Asp 
18O 

Telu 

Glin 

Asp 

Arg 

Pro 
260 

Thr 

Glin 

Telu 

Gly 

Wall 
340 

Pro 

Ser 

Wall 

Glu 

Gly 
420 

Asn 

Pro 

Telu 

DNA 

Teu 

Asn 

Arg 
1.65 

Met 

Ala 

Ile 

Lys 

Thr 
245 

Lys 

Wall 

Phe 

Glu 

Ala 
325 

Lys 

Tyr 

Gly 

Teu 

Thr 
405 

Ile 

Phe 

Phe 

Glu 

Ile 
485 

SEQ ID NO 11 
LENGTH 29 
TYPE 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence; Note 

Glu 

Asp 

Glu 
15 O 

Teu 

Teu 

Phe 

Teu 

Gly 
230 

Ala 

Pro 

Teu 

Ser 
390 

Asn 

Teu 

Ala 

Thr 

Arg 
470 

91 

Thr 

Lys 
135 

Pro 

Glin 

Lys 
215 

Cys 

Glu 

Thr 

Thr 

Glin 
295 

Thr 

Ser 

Glu 

Trp 

Trp 
375 

Lys 

Ile 

Tyr 

Tyr 

Asn 
455 

Lys 

Teu 

Glin 
120 

Ser 

Telu 

Arg 

Gly 

Glu 
200 

Glu 

Gly 

Thr 

His 

Glu 
280 

Gly 

Gly 

Arg 

Gly 
360 

Wall 

Telu 

Arg 

Thr 

Asp 
4 40 

Arg 

Telu 

Telu 

Thr 

Ala 

Ala 

Gly 

Ser 
185 

Telu 

Asn 

Ala 

Ile 

Pro 
265 

Ile 

Tyr 

Ala 

Thr 

Glu 
345 

Gly 

Ile 

Asn 

Lys 

Wall 
425 

Thr 

Tyr 

Phe 

Glu 

Telu 

Arg 

Glin 
170 

Arg 

Lys 

Pro 

Telu 

Ala 
250 

Arg 

Pro 

Wall 

Wall 
330 

Ile 

Tyr 

Pro 

Glin 
410 

Ser 

Ala 

Met 
490 

Asp 

Glu 

Arg 
155 

Glu 

Ser 

Ser 

Wall 
235 

Gly 

Thr 

Glin 

Ser 

Wall 
315 

Wall 

Pro 

Thr 

Ser 

Ala 
395 

Ser 

Ser 

Thr 

Trp 
475 

US 6,956,103 B2 

-continued 

Teu 

Glu 
1 4 0 

Teu 

Pro 

Wall 

Glu 

Gly 
220 

Trp 

Glin 

Wall 

Lys 

Arg 

Gly 

Asp 

Thr 

Asn 

Wall 

Gly 

Ser 
460 

Asp 

Glu 
125 

Glu 

Glu 

Ser 

Ser 

Teu 

Arg 

Wall 

Glu 

Phe 
285 

Wall 

Ala 

Ala 

Ile 
365 

Glu 

Teu 

Ala 

Ser 

Thr 
4 45 

Ser 

Asn 

Ala 

Lys 

Ser 

Thr 

Glin 
19 O 

Thr 

Pro 

Gly 

Gly 

Ser 
27 O 

Glu 

His 

Gly 

Glu 

Gly 
35 O 

Asp 

Glu 

Glu 

Asn 

Ser 
43 O 

Ser 

Met 

Phe 

Ala 

Arg 

Ser 

Glin 
175 

Trp 

Glu 

Arg 

Glu 

Wall 
255 

Thr 

Wall 

Ser 

Telu 
335 

Telu 

Ala 

Telu 

Ala 
415 

Ala 

Ile 

Asn 

Glin 

Ser 
160 

Asn 

Wall 

Ser 

Pro 
240 

Trp 

Trp 

Ser 

Telu 

Telu 
320 

Asp 

His 

Ala 

Glu 
400 

Phe 

His 

Thr 

Asp 

Met 
480 

92 



US 6,956,103 B2 
93 

-continued 

synthetic construct 

<400 SEQUENCE: 11 

aggggctgca gagggagctg. g.gc accCtg 29 

<210> SEQ ID NO 12 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 12 

atactgccita ggccactgga 20 

<210> SEQ ID NO 13 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 13 

caatgtc.cgt gtagccacc 19 

<210> SEQ ID NO 14 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
ynthetic construct 

<400 SEQUENCE: 14 

gaactcgaac aaacctggga 20 

<210 SEQ ID NO 15 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

ynthetic construct 

<400 SEQUENCE: 15 

catgctgctg tacttatago gg 22 

<210> SEQ ID NO 16 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 16 

ggctggcticc ccagtatata 20 

<210 SEQ ID NO 17 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

94 



US 6,956,103 B2 
95 

-continued 

<400 SEQUENCE: 17 

acagotggca totcaggc 18 

<210> SEQ ID NO 18 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

<400 SEQUENCE: 18 

acgttgcticc agctttgg 18 

<210 SEQ ID NO 19 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 19 

gatgactgac atggcctgg 19 

<210> SEQ ID NO 20 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 20 

agtggc.cgat gcc agtatac 20 

<210> SEQ ID NO 21 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

ynthetic construct 

<400 SEQUENCE: 21 

citgg to caag gtcaattggit 20 

<210> SEQ ID NO 22 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

ynthetic construct 

<400 SEQUENCE: 22 

aggc catgtc. agt catcc at 20 

<210> SEQ ID NO 23 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

96 
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<400 SEQUENCE: 23 

totctggttt go.gtttccag 20 

<210> SEQ ID NO 24 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 24 

tgaccittgga ccaggctg 18 

<210> SEQ ID NO 25 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

ynthetic construct 

<400 SEQUENCE: 25 

cctggccaga ttctdattitt 20 

<210> SEQ ID NO 26 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
ynthetic construct 

<400 SEQUENCE: 26 

tggaggaaga gaagaag.cga. 20 

<210 SEQ ID NO 27 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

<400 SEQUENCE: 27 

citgctgaact cagagtcc cc 20 

<210> SEQ ID NO 28 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 28 

aacatagtica atccttgggc c 21 

<210 SEQ ID NO 29 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 29 

98 
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taaagaccat gtgggcacaa 20 

<210 SEQ ID NO 30 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 30 

titatggatta agtggtgctt cq 22 

<210> SEQ ID NO 31 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

<400 SEQUENCE: 31 

attctocacg tdgtotcctg 20 

<210> SEQ ID NO 32 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
ynthetic construct 

<400 SEQUENCE: 32 

aag.cccacct accoctacac 20 

<210 SEQ ID NO 33 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

ynthetic construct 

<400 SEQUENCE: 33 

aatagaggct coccgagtac a 21 

<210> SEQ ID NO 34 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

<400 SEQUENCE: 34 

atactgccita ggccactgga 20 

<210 SEQ ID NO 35 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 35 

100 
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caatgtc.cgt gtagccacc 

<210 SEQ ID NO 36 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 36 

tggctaccac gga cacttic 

<210 SEQ ID NO 37 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 37 

cattgg.cgiac tactgctta 

<210 SEQ ID NO 38 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

<400 SEQUENCE: 38 

gaactcgaac aaacctggga 

<210 SEQ ID NO 39 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

ynthetic construct 

<400 SEQUENCE: 39 

catgctgctg tacttatago gg 

<210> SEQ ID NO 40 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

ynthetic construct 

<400 SEQUENCE: 40 

agcaag acco taccatcc 

<210> SEQ ID NO 41 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 41 

agcatctoct tctg.ccattg 

19 

19 

20 

20 

22 

19 

20 

102 
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-continued 

<210> SEQ ID NO 42 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 
synthetic construct 

<400 SEQUENCE: 42 

titcc titcagg ttgggagatg 20 

<210> SEQ ID NO 43 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence; Note = 

synthetic construct 

<400 SEQUENCE: 43 

gaga gCacca ggagatggag 20 

What is claimed is: 2. An isolated nucleic acid encoding a Secretory glaucoma 
protein comprising an amino acid Sequence identical to SEQ 

1. An isolated Secretory glaucoma protein comprising an ID NO:8, except that the amino acid sequence ends with 
amino acid sequence identical to SEQ ID NO:8, except that amino acid 367. 
the amino acid Sequence ends with amino acid 367. k . . . . 


